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INTRODUC TI ON 

There are few reports in scientific  literature c on­

cerning any type of radiation effect upon the parasitic 

worms , particularly cestodes. The major i ty of repor ted 

experiments involve the use of nematodes , especially 

Trichinella spiralis (Tyzzer and Honeiji , 1916; Schwartz,  

1921; Levin and Evans, 1940 , 1942; Honess , 1940; Evans , 

Levin, and Sulkin ,  1941; Ali c a t a  and Burr , 1949; Ali cata , 

1951; Gould, Van Dyke, and Gomberg , 1953 ) .  Other species 

for whi ch radiation data are available include Schistosoma 

mansoni (see Wat ts and McConnell, 1951 ) ,  Ascaris spp . (in 

Holthusen, 1921; Dognon , 1925; Seide, 1925; Cook, 1939; 

Bauer and LeCalvez , 1944; Bachofer and Pahl, 1955 ) , Asca­

ridi a  galli (see Babero , 1 952 ) , Strongyloides papilosus 

(see Kat z , 1956 ) , Schistosomatium douthit t i  (in Keefe , 1956 ) , 

and Tri chostrongylus axel (see C iordia , 1957 ) .  The body of 

li terature which specifically describes cestode irradiat ion 

is much smaller (Palais, 1933; Kisner , 1957a , 1957b; S chil­

ler , 1957 , 1959; Kuhlman ,  1960; Dvorak, 1 960 ) .  The present 

paper deals wi th c estode i rradi at ion,  but the above men­

ti oned papers on nematodes provide some informat i on whi ch 

may be applicable to  irradiated cest odes. 

The above papers deal chiefly with morphology, 

including some studies of chromosome effec ts . The nemat odes, 
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at least those cited, exhibited significant morphological 

changes only after exposure to relatively large doses of 

x-rays or gamma rays (400-750,000 r). Sensitivity depended 

upon the type and age of the tissue irradiated. Reproduc­

tive organs and embryos were most sensitive. The very large 

doses were required to retard growth and to prevent repro­

duction or the establishment of parasites within their hosts. 

Results were reported in terms of gross morphological change 

in most experiments. Some stage in the life cycle was irra­

diated, and a later, more mature stage was examined for 

abnormalities. Few investigators indicated that a cytolog­

ical approach was employed. Several mentioned that irra­

diated embryos were delayed or stopped in cleavage stages, 

and that sometimes egg and sperm production was affected. 

The chromosomes of irradiated Ascaris spp. have been 

observed (Holthusen, 1921; Bauer and LeCalvez, 1944}. Inso­

far as the author is aware, the chromosomes of an irradiated 

cestode have been examined only once. Dvorak {1960} 

observed the chromosomes of early cleavage stages in irra­

diated Hymenolepis � ·  

Palais (1933) was probably the first to investigate 

the effects of radiation upon a cestode. She subjected the 

eggs of Hymenolepis diminuta to x-rays and ultra-violet 

light. The adult stage was examined for morphological 

abnormalities. There were no detectable changes that could 



be attributed to radiation. Kisner (1957a) using the same 

species, exposed immature adults to gamma rays (120-720 r) 

by whole body irradiation of rat hosts. The frequencies of 

eight abnormalities occurring in the gravid region were not 

significantly greater in irradiated worms than those found 

in controls. 

3 

Schiller (1957, 1959} was more successful in altering 

the morphology of adult Hymenolepis � by exposing eggs of 

cysticercoids to unfiltered x-rays (5-40 Kr) . He suggested 

that Palais failed to obtain significant results because she 

used too little radiation. This is also the probable expla­

nation for Kisner's (1957a) results. Schiller's paper is 

probably the most significant work published to date on 

cestode irradiation, since definite induced abnormalities 

were observed. For the most part, according to Schiller, 

the observed changes appeared to follow a consistent pattern 

which could be correlated with the dose of radiation. No 

new abnormalities were observed, but there was an increase jn 

those exhibited by the species in nature. These results are 

considered to be especially pertinent to the present study 

since they are a record of organ level changes which are 

possibly to be explained at the cellular level. 

The most obvious effects observed by Schiller (loc. 

cit.) of unfiltered x-rays on the morphology of first gener­

ation H. E!n! cysticercoids, irradiated as eggs, were mal-
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formations and arrested development. Normal growth and 

development had been interfered with in three main ways. 

These were: (1) inhibition of cell division; (2) failure of 

cells to differentiate; and {3) interference with structural 

organization. None of the abnormal forms, including those 

in which development had been arrested, developed to the 

adult stage when fed to mice. Adults which developed from 

cysticercoids whose morphology appeared to be normal exhi­

bited a number of structural abnormalities. These were 

usually found at irregular intervals along the strobila and 

seldom occurred in a series of adjoining proglottids. 

The morphology of adult cestodes after x-irradiation 

of the cysticercoids was altered to a greater degree than 

those of worms irradiated as e ggs. The anomalous proglottids 

often occurred together in a series at irregular intervals 

along the tapeworm body. The testes and ovaries were espe­

cially vulnerable. Instead of forming the usual discrete 

structures, individual cells of these organs were widely 

distributed in the places where the testes and ovaries were 

normally located. The cells responsible for the formation 

of the cirrus and external seminal vesicle appeared to be 

more resistent, since these organs persisted in proglottids 

which otherwise manifested the most extreme abnormalities. 

These observations suggested that cells destined to divide 

and differentiate into specialized organs were the most 



seriously affected by the unfiltered x-rays. structures 

which had already attained complete development in the cys­

ticercoid stage before irradiation, such as the scolex, 

exhibited no observable morphological changes. Kuhlman 

{19b0) also found substantial increases in certain kinds of 

morphological abnormalities in adult Hymenolepis microstoma 

after irradiation of the cysticercoids. 

5 

Schiller analyzed second generation worms which orig­

inated from eggs exposed to 5, 15, and 20 Kr at the beginning 

of the first generation. According to his tabulations, the 

proportionate number of proglottids showing a certain type 

of abnormality (testis-deletion or the absence of one of the 

three testes) was considerably higher in worms of the second 

generation than in worms receiving no radiation. The per­

centage of proglottids affected in this manner was the same, 

regardless of the original amounts of radiation. '!then com­

pared with the results obtained by the analysis of this con­

dition in parent worms, it was seen that these percentages 

were slightly higher than the maximum recorded in specimens 

from direct infections with eggs irradiated with 25 .Kr. 

Concerning this relationship Schiller made the following 

statement: 11The significance of this apparent relationship 

is not understood, although there can be little doubt that 

the testis-deletion effect is, in some way, transferred to 

the second generation individuals.11 
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Morphological abnormalities are the end products of 

some interference with the normal pattern of growth and dif­

ferentiation in organs where they occur. The cells of these 

structures, during the developmental period, are undergoing 

rapid cell division. It is well known that cells in this 

state are most sensitive to ionizing radiations. Hundreds 

of papers have been published in which specific changes have 

been discussed (summarized by Dobzhansky, 1951; Hollaender, 

1954; Lea, 1955). Schiller's data do not appear to depart 

from the general pattern of radiation damage reported for 

many other organisms. It appears that organs damaged most 

severely wMere those in which cell division would have 

occurred after the irradiation . From these data it is 

established that tapeworm organa can be affected by radia­

tion in sufficient quantity . At this point, it would seem 

appropriate to determine if induced chromosomal changes in 

irradiated cestode cells may be a possible explanation for 

some of the observed abnormalities. 

The present chromosome study of H. diminuta grew out 

of Kisner's (1957a) attempt to affect the morphology of this 

species with gamma rays. The chromosomes of this worm were 

known and the number and morphology recorded (Jones, 1945; 

Kisner, 1957b). In early cleavage stages, the chromosomes 

are large enough (3-7 microns in length) to observe without 

difficulty. The diploid number (12) is low enough to enable 



the observer to separate and distinguish individual chromo­

somes. A preliminary examination of embryos from worms 

receiving too little radiation to induce abnormalities in 

adult organs revealed what appeared to be some chromosomal 

aberrations . The question arose as to why there was evi­

dence of cellular damage without detectable morphological 

change . The present study developed from an attempt to 

determine the kind and amount of visible cellular damage in 

irradiated worms. While it was anticipated that such an 

investigation would not provide the detailed information 

which has been obtainable with other organisms such as the 

grasshoppers or Tradescantia, because of the relatively 

7 

small size of cestode chromosomes, the problem was approaChed 

with the intention of obtaining as much information as time 

and material would permit. The following points were to be 

studied and analyzed as far as reasonably possible: 

1. The normal meiotic and mitotic cycles in oocytes 

and early embryos respectively. 

2. The cleavage pattern in early embryos as it 

relates to mitosis at this period of development. 

3. Confirmation of the actual existence of aberra­

tions in irradiated cells of early embryos. 

4· The various types of chromosomal aberrations, if 

actually induced by radiation. 

5. Estimation of the approximate extent of damage 



and its correlation with the dose of radiation. 

6. Effect of radiation on later generations of 

worms. 

7. Estimation of number of cleavage divisions 

between irradiation and time of fixation through a study of 

the growth pattern of developing worms. 

8 



MATERIAL AND .METHODS 

All observations were made on a strain of Hymenol­

epis diminuta obtained through the courtesy of Dr . C. G. 

Goodchild, Emory University, Georgia . The infection has 

been maintained in this laboratory since July, 1956. Flour 

beetles ( Tribolium confusum and T .  castaneum ) were used as 

intermediate hosts. Stock cultures of these beetles were 

kept in the laboratory in containers of vitamin-enriched 

flour. 

The technique for infection of the intermediate 

hosts, although not one of the conventional methods, was 

quite effective . Beetle larvae, starved for twenty-four 

hours, were forced to feed upon infected rat feces for one 

or two days. The larval beetles were found to be more 

easily infected than adults, since their greater feeding 

activities permitted more cestode eggs to be picked up from 

the fecal material. The intermediate hosts were transferred 

to flour for fifteen days {at room temperature ) to insure 

the maturation of all developing cysticercoids. 

Beetle larvae were dissected in saline, under a dis­

secting microscope, with the aid of small needles. Cys­

ticercoids were removed from the hemocoel and fed to white 

rats ( Rockland strain ) in known numbers { 10 per rat ) . In 

the early part of the work, cysticercoids were deposited in 
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the rat esophagus by use of a hypodermic syringe and large­

gauge, blunt needle. Later it was considered easier to 

anesthetize the host animals and infect them via a polyethy­

lene tube. Worms were permitted to reach maturity (18-20 

days) in the rat intestine before the irradiation. 

Gamma rays were delivered from a cobalt-60 source 

located at the U. T .  AEC Agricultural Research Station, Oak 

Ridge, Tennessee . Rats were placed in individual plastic 

containers and set upon a movable platform that revolved 

around the source. Part I of the chromosome experiments 

involved the exposure of eight rats (4 males and 4 females) 

to either 400 or 800 r gamma rays at a dose rate of 8.35 r 

per minute (24 inches from the source). Worms were fixed 

at intervals of eight and twenty-four hours after the com­

pletion of the radiation. Two additional rats of each sex 

served as controls. At the second irradiation, twelve male 

rats all received 1200 r at a dose rate of 3.09 r per minute 

(48 inches from the source} . Worms were fixed at intervals 

of 2, 3, 4, 5, 6, 7 ,  8, 10, 12, and 14 hours after comple­

tion of the irradiation. For a large dose of radiation, one 

rat infected with twenty cysticercoids was exposed to 5000 r 

gamma rays (84 r per minute at a distance of 9 em. from the 

source). These worms were fixed eight hours after the end 

of the irradiation. To determine something about the sur­

vival and transmission of possible chromosomal aberrations 
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to later generations of H. diminuta, an irradiated ''strain" 

was produced. Mature cysticercoids in beetles were exposed 

to 15000 r. The embryos of adults of the various irradiated 

generations were to be examined for chromosomal aberrations. 

All rats were killed with a blow on the head. Worms 

were removed from the intestine, washed in 0 . 85 per cent 

saline, and blotted quickly with filter paper . They were 

fixed in Carnoy1s fluid (6:3:1 alcohol-chloroform-acetic 

acid). After twelve hours in the fixative, the tapeworms 

were removed to 70 per cent alcohol for storage . The only 

slide preparation in which chromosomes could be successfully 

studied was a temporary squash stained with aceto-orcein. 

Other dyes either stained too lightly or were not selective 

enough . Worms stored in 70 per cent alcohol became pro­

gressively harder and more difficult to squash . Moreover, 

after several weeks stainability was so poor that this 

material had to be discarded. Later it was discovered that 

hardening and loss of stainability could be prevented if 

worms were stored in the fixative in the refrigerator . They 

remained usable for as long as two months . 

Aceto-orcein squashes (Darlington and LaCour, 1960) 

were made from portions of the strobila which contained 

embryos in early cleavage stages. Tiny fragments (each 

approximately one-half proglottid) were mounted in the 

stain. Great pressure on the cover-glass was required to 
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flatten the embryos sufficiently for easy observation. A 

quick seal of the squash preparation was effected by ring­

ing the cover-glass with clear fingernail polish. Slides 

12 

were stored in the refrigerator. The change between room 

temperature and that of the refrigerator often produced air 

leaks which subsequently ruined the slide. These air leaks 

may be prevented by recoating the original seal with Per­

mount (a commercial preparation obtainable from General Bio­

logical Supply House- Chicago- Illinois). Vihen Permount is 

�sed, it should be permitted to dry before storage of the 

slide in the refrigerator . All attempts to make permanent 

mounts failed since the necessary dehydration through an 

alcohol series reduced chromosome size. Detailed study of 

chromosomes in dehydrated squashes was not possible. This 

was also true with sectioned material. Paraffin sections 

stained with Heidenhain1s iron hematoxylin were unsatisfac­

tory for this material. It was excellent for differenti-

ating chromosomes- but also stained a number of very coarse 

granules in the embryonic cells. The stained granules pre-

vented observation of chromosomes in most embryos. Embryos 

were observed with an oil immersion objective (95 X) using 

the 20 X ocular. All drawings were made with the aid of a 

camera lucida using the 20 X ocular. A few photographs of 

normal metaphase plate and seven of the more extreme aberra-

tiona are included in the appendix for comparison with the 
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illustrations. 

A growth study similar to th11t of Chandler (1939) was 

conducted. If a correlation between a cert ain amount of 

growth ( linear increase ) and a small time interval could be 

established, it mi[ht be possible t8 determine the approxi­

mate star:e of an embryo at the time it was irradiated. 

There is no method, at present, to determine how many cell 

divisions have occurred between the time these embryo s were 

irradiated s.nd the time of fixation. The number of cell 

divisions wh:i.ch could occur Mi:.:,ht be ascertained by counting 

the cleavace divisions between the region of meiosis and 

some point alon2 the strobila separated by a distance equal 

to the linear increase per 3lven time interval. Rats were 

fed ten cysticercoids and killed in groups of four each day 

for a period of twenty-one days. ',Vorms were flushoc out of 

the jntestine, relaxed in the refrigerator, and fixed ln hot 

alcohol-formalin-acetic acid s olut i o n . All cestodes were 

measured to determine the amount of daily linear increase . 



OBSERVATIONS 

I. NOR:&IAL DEVELOP.MENT 

Meiosis 

The normal meiotic and mitotic cycles in germ cells 

and embryos were determined from observation of thousands of 

dividing cells. The proposed patterns are illustrated in 

the appendix, but a brief description of each will be 

included in this section. Cells in the desired states of 

division were found in the posterior part of the anterior 

third of each worm. As this species is protandrous, matura­

tion of the testes occurs before that of the ovaries. 

Chromosomes of the testes are quite small (Figs. 17 and 18). 

Little was learned from testis material other than a con­

firmation of the correct diploid number (from diakinesis in 

primary spermatocytes). It was also possible to determine 

size relationships of chromosomes in a complement. 

As the ovaries mature, they become lobed and packed 

with germ cells. The germ cells undergo a mitotic multipli­

cation which could not be clearly seen in aceto-orcein 

squashes. It is not possible to flatten the ovaries suffi­

ciently at this stage for easy observation of chromosomes. 

After the period of multiplication and just prior to their 

passage from the ovary to the tubular uterus, the oogonia 

have a very characteristic appearance (Figs. 12 and 21). 
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They are spherical or oval although the shape may be grossly 

distorted by the squashing process. The nucleus is very 

large in proportion to total cell volume. A single large 

nucleolus is present. The staining reaction of the nucleus 

is very distinctive. In fresh squashes, the nucleus appears 

to have little affinity fo r the stain. A chromatin 11net­

work", characteristic of most stained interphase cells, is 

not observable. The nucleoplasm is somewhat clear and non­

granular as compared to a finely granular cytoplasm. With 

reduced light an d careful focusing, the nuclear boundary may 

be seen. In sectioned oogonia stained with Heidenhain's 

iron hematoxylin, delicate chromatin threads may be observed 

in the nucleus. 

Oogonia pass from the ovary to the uterus. The 

details of this process have not been observed because of 

spatial disturbances arising from the squashing. By the 

time the oogonia have reached the uterus, a number of 

changes has occurred. The first of' these is an increase in 

size. This is accompanied by the attachment of a small cell 

(Figs. 19 and 20) to each primary oocyte, as the oogonium is 

now called. The origin of this cell is unknown, but its 

distinctive nucleus resembles that of cells in the vitelline 

gland, which is situated immediately posterior to the ovary 

in intact proglottids. This cell, for purposes of f'uture 

reference, will be referred to as the "atta.ched11 cell. 
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Chromosomes of the primary oocyte become faintly stainable 

and begin to shorten and thicken. The early phases of pro­

phase {leptotene through diplotene) could not be clearly 

observed because of poor affinity of the chromosomes for the 

dye. By late prophase {diakinesis) the chromosomes become 

more stainable and assume an irregular, fuzzy appearance 

{Fig. 22). The nuclear membrane and nucleolus disappear 

soon af ter. 

Late prophase chromosomes undergo a marked contrac­

tion and are deeply stainable {Figs. 23 and 24). Six thick, 

heavy bivalents are formed and become arranged on a portion 

of the spindle approximately mid-way between the poles. 

'Jlhere is no great degree of regularity about this orienta­

tion. Ordin arily the spindle is not visible in the squash 

preparation. It may be seen in oocytes stored for a time in 

70 per cent alcohol. It is usually formed at r ight angles 

to the cell surface next to the 11attachedn cell. The volume 

of the spindle in proportion to cell volume is much greater 

than in some organisms such as Ascaris. 

Dyads separate and move to the poles at anaphase I 

(Fig. 25}. The first polar body forms to one side of the 

position of the 11attached" cell (Figs. 25 and 2b). It is a 

very compact mass of nuclear material surrounded by a thin 

layer of cytoplasm. It is approximately the same size as 

the sperm which at this time is located in the cytoplasm of 

\ 
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the oocyte (Fig. 26). The sperm entered this cell some time 

prior to metaphase I. It is always present in the cytoplasm 

by the time bivalents are attached to the spindle. 

The dyads remaining in the oocyte (Fig. 26) do not 

pass through a telophase stage, but immediately become 

associated with the spindle for metaphase II. Monads sepa­

rate in anaphase II and the second polar body is formed at 

the side of the "attached" cell opposite to the position of 

polar body I. Apparently the spindle rotates somewhat away 

from that position occupied during the first meiotic divi­

sion. The monads remaining in the oocyte pass through a 

telophase and a nuclear membrane is formed (Figs. 13, 14, 

and 28). The egg nucleus then becomes a typical interphase 

nucleus. During the second meiotic division, the sperm 

nucleus becomes active. It increases in size and loses its 

stainability as the nucleus goes into interphase (Fig. 28). 

The fi nal result is a male pronucleus which is approximately 

the same size as the egg nucleus. The male and female pro­

nuclei do not fuse with each other in the formation of the 

zygote. Each enters a typical prophase separately. Chromo­

somes begin to condense and in favorable material, six long 

chromatin threads may be counted in each pronucleus (Fig. 

29). The pronuclear membranes disappear and fully con­

tracted chromosomes become attached to the first cleavage 

spindle (Fig 30). 
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Early Cleavage Divisions 

Cleavage divisions I through VI follow a specific 

pattern as illustrated by Figs. 1 ,  30-1+6, and 53-60. The 

largest cell of the embryo is always involved in each of the 

six divisions. Each of the first five divisions is unequal, 

producing a large and a small daughter cell. The smaller 

cells, after they are formed, do not divide in the early 

embryo. The large cell of the embryo is several times 

larger than any other present as far as the six cell stage. 

The staining reaction of its nucleus is very weak, similar 

to that of an oogonium . Unless the cell is dividing, the 

nucleus is practically invisible. Such cells are usually 

represented in illustrations of the appendix by the outlines 

of their cell membranes. Smaller cells may be identified by 

their nuclear sizes. The cell membranes of the smaller 

cells do not stain, and only their nuclei are included in 

the illustrations in most instances. The small cell of 

cleavage I is several times larger than those formed by the 

next three divisions. Small cells of divisions II through 

IV are approximately the same size and have not been distin­

guished from each other when all are present in the same 

embryo. It should be noted that all small cells are cut off 

from the larger one in the vicinity of the ttattachedn cell, 

which may be recognized by its thick, heavy chromatin net-
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Figure 1. Proposed cleavage pattern for Hymenolepis 

diminuta in cleavages I-VI. 
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work. The products of cleavage V are somewhat different 

from those of previous divisions. The smaller cell of this 

division is a little larger than the small cell of the first 

cleavage. Cleavage VI divides the largest embryonic cell 

into two parts which are more or less equal in size. The 

cleavage pattern of subsequent divisions was not studied, 

although illustrations of embryos with as many as eight or 

nine cells are included in the appendix (Figs. 51 and 52). 

In the seven cell embryo, mitosis was sometimes observed to 

occur in two of the larger cells at the same time (Fig. 50). 

Perhaps the cleavage pattern changes somewhat after the 

seven cell stage. 

Chromosomes 

The diploid chromosome number of Hymenolepis diminuta 

was determined by Jones (1945) and Kisner (1957a). There 

are six pairs as seen in metaphase plates of dividing embry­

onic cells (Fig. 30). There are six bivalents in diakinesis 

of testis cells (Figs. 17 and 18). A similar number is 

found in metaphase I of primary oocytes (Figs. 22 and 24). 

All chromosomes are acrocentric. Separation in early ana­

phase always begins at one end of the metaphase chromosomes 

(Fig. 45). In anaphase, all chromosomes are rod-shaped as 

expected if centromeres are terminal or nearly so (Figs. 31 

and 46). Kisner (1957b) measured chromosomes in metaphase 
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plates of seventeen cells of embryos considered to be in 

cleavage I. Average sizes of the six pairs were 7 ,  5.5, 5, 

5, 4.5, and 3 microns ( for idiogram see Fig. 16). Metaphase 

chro mosomes of the largest embryonic cell of the first few 

cleavages are approximately the maximum size, but as the 

size of this cell decreases through the mitotic subdivision, 

the chromosomes also become smaller. Any actual measured 

size must be regarded as only approximate because of the 

staining and mounting technique employed. The dye as 

applied is dissolved �n 45 per cent acetic acid, which 

tends to soften and swell tissues. The absolute size of 

cells and chromosomes may also change slightly with time. 

Also, some cells may have originally been flattened to a 

greater degree than others through greater pressure on the 

cover-glass when the squash was made. For the above reason, 

in the illustrations, the absolute size of cells in one 

embryo should not be compared with the absolute size of like 

cells of other embryos. 

II. RADIATION ��FECTS 

Thousands of dividing cells from unirradiated worms 

were observed during the course of the study. The only 

abnormal condition ever observed was the occasional pre­

sence of a cell with one more or one less chromosome than 

the diploid number. In irradiated worms, however, chromo-
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somes in embryonic cells exhibited many aberrations. For 

purposes or description, the latter have been classified 

according to effect instead or the amount of radiation 

received or the time between irradiation and fixation. This 

has been necessary since some effects were observed at all 

doses and times of' fixation studied. To describe all 

effects in each situation would involve needless repetition. 

The usable technique for worm storage was not discovered 

until late in the experiments. Many preserved worms had to 

be discarded because of the hardening effect or the alcohol. 

Some worms from rats receiving all mentioned doses were 

successfully studied, but the fixation times should be men­

tioned. At 400 r, worms were observed at eight hours. For 

the 800 r dose, worms were used that had been fixed at eight 

and twenty-four hours after irradiation. At 1200 r, fixa­

tion times were two and seven hours, while all worms receiv­

ing 5000 r were fixed at eight hours after rats were irra­

diated. 

In the appendix, there are a number of illustrations 

in which the cleavage division was undetermined. During the 

early part of the observations, some irradiated embryos were 

observed before the correct cleavage pattern was understood. 

When a striking aberration was found, the entire embryo was 

drawn without regard to the cleavage division. After the 

cleavage pattern was determined, the temporary squash pre-



23 

parations in  which the aberrati ons ha d been found were no 

longer usable . Determina tion of the cleavage division of 

these was m ade  from the i llustration instead of the embry o 

i tself. In all cases, the probable cleavage division has 

been indicated. Each w as inclu ded be cause it  was a sood  

example of some aberration. The uncertainty as t o  the cor­

rec t  d ivision is not impor tant  f or the imme diate purpose 

intende d. 

Chromosom e  "St i ck iness" 

Aberrat i ons resembling the effect  referred to as 

"stick inesstt (Le a ,  19.5.5) were observed in w orms receiving 

1200 r .  Mos t  ce lls affe cted  in this manner w ere f ound in 

embryos fixe d two hours after irra dia t ion. A few wer e  note d  

in embryos fixe d  a t  seven hours. In affected  cells , chroma­

tin appeared as deeply staine d masses or clumps (Fig 94) . 

Sometimes ,  ind ividual chromosomes could not be  distinguished. 

A certa in proporti on of the damage d  cells exhibited  both 

chroma tin c lumps a nd chromosomes , as well as a number of 

fragments scattered in  the cytoplasm (Figs. 95 and 96) . At 

anaphase, l ong chromatin bridges were present (Figs. 84 , 85 , 

and 94) . A few appeare d  to possess most of the chromatin  

materia l  of  the cell and were extremely thick and heayy .  

Bridges were of unequal  d iameter along the nuclear strand 

{Figs. 84 and 8.5) . They appeare d t o  be pull e d  out into thin 
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strands at some points which intervened between the thicker 

portions. 

Chromosome Bridges 

Unlike the 11stickytt bridges just described, the 

chromosome bridges referred to here are products of chromo­

some and chromatid breaks. This type was observed in irra­

diated embryos at all doses and fixation times studied, but 

were more abundant in those fixed at eight hours. The 

number per affected cell ranged from one to as many as 

three, with one being the most co��on number. There were 

two kinds, if classified on the basis of thickness of the 

nuclear strand. One type was thick and heavy (Figs. 81 and 

83) wr�le the other kind was approximately half the diameter 

of the first (Fig. 89). Some extended the entire distance 

between the poles. When the length of the bridge exceeded 

this distance, a bend or slight coiling of the chromosomal 

strand was noted (Figs. 8 and 81). Other bridges were 

apparently much shorter than the distance between the poles. 

Such bridges were often broken with the break being observed 

at any point along the chromosomal strand (Figs. 90 and 91). 

An unequal breakage of the bridge would lead to one cell 

with a chromosome having a portion deleted and anotl�r with 

a duplication. Fragments were usually associated with the 

bridges. They were found to be scattered at any point in 



the cytoplasm or the damaged cell ( Figs. 81 and 83). 

Changes in Chromosome Number and Fragmentation 

These two tJ�es or aberrations are here considered 

together. It is practically impossible to distinguish the 
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smaller chromosomes or this tapeworm from fragments of the 

sa�e size except by position in the cell. A chromosome will 

usually have a particular orientation during any one or the 

mitotic phases. A fragment without a centromere may not 

always have this orientation. vVhen a chromosome was rar 

removed from others or the cell, it was considered to be a 

fragment. Fragmentation was evident in all irradiated mate­

rial observed. It occurred separately and in combination 

with all other aberrations mentioned. The number or cells 

with fragments was greater in worms from rats receiving the 

higher doses. There was evidence of mass fra�entation at '·' 

5000 r ( Figs. 115 and 118). The chromosomes of some cells 

were nothing more than small bits of chromatin. In a rew 

cells, there was an interesting situation in which chromo­

somal elements existed in the cytoplasm of cells in inter­

phase ( Figs 107 and 108). 

Increased chromosome numbers were more rrequent than 

decreased numbers, ranging from 2n minus seven to 2n plus 

twenty-seven. The increase did not follow any consistent 

pattern such as an increase by haploid sets or doubling. 
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Cells with thirteen, fourteen, and fifteen chromosomal 

elements were most common. Some of the increases were 

undoubtedly a result of fragmentation. From the standpoint 

of time involved, it was not worthwhile to attempt to dis­

tinguish the latter from true increases in chromosome num­

ber. In the sample count, ( Table I) they were lumped 

together. 

Long Chromosomes 

The most interesting of all aberrations was the 

occurrence of chromosomes whose lengths exceeded the normal 

for the species. These were found in embryos of worms from 

rats receiving all mentioned doses and fixed at seven, 

eight, and twenty-four hours after the end of the radiation 

period. 

great. 

The frequency of this aberration was never very 

The sample count at 5000 r ( Table I) shows that only 

twelve embryos in 990 observed were affected in this ma��er. 

Although few were found when the total was considered, the 

aberration was not a rare one derived from a single worm or 

worms from a single rat . One could expect to find it in any 

of the above mentioned material. 

There was no single length which was characteristic 

for the long chromosomes. Some were only slightly longer 

than the longest chromosome of a normal complement. Others 

were as many as five or six times longer than any other in 
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the cell. Examples of the shorter ones may be seen in Figs. 

63-65. Figs. 66-74 show chromosomes at the other extreme. 

One of the clearest examples of the aberration is illustrated 

in Fig. 70 and the photograph (Fig. 5). There are only 

twelve chromosomes in the cell, including the long one. 

Chromosome fragments, typical of most of the abnormal cells, 

are absent. The orientation of one end of the long chromo­

some suggests that a centromere may be present. Fig. 71 is 

an illustration of the chromosomes of Fig. 70 ranked in 

order of size. Almost all of the twelve chromosomes of this 

cell may be grouped in pairs, except for the long one which 

obviously lacks a homolog. The excess length definitely 

presents a mechanical problem at anaphase when daughter 

chromosomes are separating. The length of a few greatly 

exceeded the entire distance between the poles. Various 

configurations of coiling and bending showed how this pro­

blem was temporarily solved (Figs. 8, 9, and 81). Sometimes 

the centromere ends of the chromosomes had already reached 

the poles while the other double ends remained at the equa­

torial plane, still unseparated. Figs. 7 and 77 illustrate 

one long chromosome coiled in the cytoplasm and slightly 

removed from others of the cell. It is assumed that a cen­

tromere is not present on this one. Just how the long 

chromosomes finally complete the anaphase separation and 



b ec ome inc orporat ed into daughter nuclei has not b een 

observed. 

O ther Aberrat ions 

A l though the ab ove menti oned aberrat i ons c ompr i sed 
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the major type s  observed, a few o thers were found o c c asion­

all y  or perhaps only onc e.  Obvious di c ent r i c  chromosomes 

wer e  observed onl y  onc e ( Fi g. 10). In thi s embryo , two 

U-shape d chromo some s ar e appro aching one pol e  of the c ell 

wi th ano ther of the same type n ear the oth er pol e .  Chr omo­

so me ttrings" were found in one embryo (Fig. 104). Four 

smal l doughnut - shaped chromoso me rings are l o cated in the 

c ytopl asm near the metaphase plat e .  Aberrat i ons o f  meio t i c  

chromosomes were not studi ed b ec ause of the ir smal l size.  A 

few abnormaliti es were observed and one i s  included ( Fi g .  

97) . Si x dyads are pre sent in mei osis II plus an extra 

monad which l ac ks a mat e .  Fig . 98 is an ill ustrat ion of a 

primary oocyt e  with two of the "at tachedn c ells i nste ad of 

the usual one. E mbryos of Figs. 97 and 98 were f ound in 

irr adiate d  embryos, but the ab normali t i es may not be pro ­

ducts of radiat i on damage since t hey are o c c asionally 

observed in any worm, ei ther i rradiate d or  uni rradiated. 

Frequency o f  Aberrations 

After a c onfirmat i on of the existence of chromoso me 
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aberrat ions in irradiated embryo s ,  an att empt w as made to  

determine s omet hing about the freq uency at whi ch t hey 

occurred . I t  was found not to  b e  very prac t i cal to  make 

large s c ale c o unt s of embryo s .  Beck (1951) f ound an aver­

age o f  2100 eggs per gravid progl o t t i d  in worms from s i ngly 

infec ted rats  on a normal di et . Of c our s e, an immature 

tapeworm would not c ontain thi s  many developing embryo s ,  but 

there woul d  b e  t hous ands in the usable portion of each worm. 

Much t ime woul d b e  requir ed t o  ac cumulat e dat a on l ar ge num­

ber s  of worm s . Another probl em was the mix t ure of different 

s tages found in a s ingl e progl o t t i d. In a young progl o t t i d ,  

mo s t  o f  the c ells  may be in the meio t i c  s t ages . A s  the pro­

gl ot t i d  grows o l der , zygo tes undergo c leavage whi l e  the 

ovary is s t i l l  pr oduc ing germ c ell s .  In s ome of the ol der 

pr oglottids there was a range of s tages from oocytes to  

embryos c ontaining the larges t numb er s  of c ell s s tudied . 

The t abulat i on of res ul t s  would be much s i mplified if al l 

cells  and embryo s in a s ingle pro gl o t t i d  were i n  the s ame 

stage .  In general , i t  may b e  s tated that only a f ew c el l s  

per hundred wer e  affec ted at a do s e  of radiat i on as l ow as 

40 0 r. There was an obvi ous increase at 800 and 120 0 r ,  

wi th the max i mum observed at 5000 r .  Sample c o unts of 

damaged embryos were made from three worms r ec ei vi ng t he 

l atter dos e .  Total s  of each t ype of aberrat i on f or the var-
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i ous cleavage divisi ons are pre s ented i n  Tab l e  I .  The re 

were 451 e mbryos wi th al tered chromosome s i n  990 observe d ,  

or 45 .5 per c ent. The per c e nts for e ach c l e avage di v i s i on 

{I thro ugh V) are incl uded in Table  I .  A hi sto gram of these 

p�r cent s i s  f ound in F i g  2. On the basi s of per cent 

affe c te d, it appe ars that there was an i nc r e ase of damage d 

embryos in e ach divisi on from c l e avage I thro ugh cleavage 

I I I , wi th an almo s t  con s t ant per c ent for al l c leavage di vi-

sions I I I  thro ugh V. A chi square te st was c omple t e d  o n  the 

assump t i on ( the oreti c al e xp e c t ati on) that e ach stage wo ul d  

have the same p e r  cent of aberrat i ons as the whole samp l e  

showe d .  I t  was concluded that there  was a si gni f icant dif-

ferenc e among the perc ent ages of abnormal i t i e s  in different 

cleavage div i si ons. 

Inheri t anc e of Radiati on Effe c t s  

Ten cyst i c e rc o i ds recei ving 15000 r were f e d  t o  a 

rat . Four adul t ·worms wer e re c overed from thi s rat when 

surviving cysticercoids reache d maturi ty. The s e  worms were 

f i xe d for chromos ome st udy after e nough eggs had b e e n  col-

l e ct e d  to produce a s e c ond generat i on of c ys t i c e rco i ds .  The 

se c ond gener at i on of cys ti cercoi ds rec e i ved an addi t i onal 

15000 r. Appr oximately fifty wer e introduc ed into a rat . 

Some of the cys t icercoids reached mat uri ty, for a few e ggs 

were obs e r ve d  in the fe cal materi al of t he ho s t .  A third 



TABLE I 

SAli�PLE C OUN'r OF KOR.MAL AND DAM.A.GED MI'JlOSES IN 
EMBHYOS OF THREE \YORMS-1} FROM A RA T 

RECEIVII�G 5000 r GAMl,�A HAYS 

3 1  

Cleavage div isi on examined 
Type of Damage I I I  I II IV v 

Increased chromosome 
number or fragmentation 92 56 97 78 60 

Dec reased 
chromosome number 4 4 3 4 3 

Chromosome bridges 6 4 7 6 15 

Long chromosomes 0 2 5 3 2 

T otal number of 
damaged mi toses 1 02 66 112 9 1  80 

Total number of 
mi toses observed 304 151 210 1 72 153 

Per cent 
damaged mitoses 33 . 55 43. 70  53. 33 52.90 52.21  

,.;{.. 'Fixed eight hours af ter i rradiat i on .  
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generation of cysticercoids was produced, but the experi­

ments were terminated by this time, and a third generation 

of adults was not obtained by the author. Moreover, there 

was not sufficient time to examine the chromosomes in 

embryos of the first generation adults. This part of the 

experiments was continued b'J' others in this laboratory. 

III. GHOWTH lU\'l'E STUDY 
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The growth rate study was intended to provide infor­

mation as to t he number of cleavage divisions possible in 

any given length of worm in the region containing embryos. 

It was unsuccessful for the purpose intended because the 

infection rate was very low. The experiment was set up so 

that a sample o1' four rats, each infested with ten worms, 

could be killed daily for twenty-one days. From the meas­

urement of these worms, a growth curve was to be established 

similar to that of Chandler (1939) . If worms could be 

expected to grow a certain amount per given time interval, 

one could count the number of cleavage divisions in a meas­

ured portion containing embryos, and determine the total 

number possible for that specific part. This could be com­

pared with the number of cleavages found in a portion of the 

strobila of the same length in an irradiated worm. The num­

ber of worms recovered per rat was quite inadequate to 

determine a reliable growth curve. 
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In consi dering the data c olle ct e d, an unexpe cte d var­

iabili ty was observe d .  Wbile i t  doe s  no t deal dir e c tly with 

chromosomes, brief mention oi' thi s par ticular observa t i on 

should indic ate perhaps that  it would not b e  possible to  

predic t  a number  of cleavage divisi ons in a parti cular 

length of' wo rm containing embryos, tha t would b e  applicable 

to other worms . 'J.'he histograms of Fig . 3 show tha t worm 

lengths varie d  wi thin ra ts, and between rats whi ch were com­

parable in we ight , sex ,  age, worm burden, and gene t i c  back­

ground . 
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DI SCUSSI ON 

The chief objective of the present study has been to 

determine if and how cestode chromosomes might be affected 

by radiation. I t  was, of course, necessary to determine the 

normal condition ir. rer:;ard to the embryos and their chromo­

somes. Before the cleavage pattern was understood, the 

cells, nuclei, and chromosomes of different sizes were quite 

confusing. When dividing cells in various embryos were 

observed, it was not known if they were of the same or dif­

ferent stages. 'rhe squashing process only added to the con­

fusion by eliminating size as a useful basis for comparison 

of cells. I t  was discovered that the corresponding cell in 

two different embryos might be quite unlike in size because 

of the squashing process. I t  was essential that an under­

standing of the cleavage pattern precede the s tudy and inte� 

pretation of abnormalities. 

The cleavage pattern as proposed is unusual. I t  is 

known that the amount and distribution of yolk has an effect 

upon the cleavage of an egg. The zygote of H. diminuta con­

tains yolk which may be considered in regard to the effect 

it might have upon the cleavage pattern. The large granules 

mentioned as having been found in the cytoplasm of oocytes 

a nd large cells of embryos are assumed to be yolk material. 

1�ey stain with Heidenhain's iron hematoxylin technique, but 
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rema i n  unc o l o r e d  i n  fre sh a c e t a - o r c e i n  prepara t i ons . A s  the 

s quas h  be c ome s o lde r ,  i t  appe a r s  t hat some o f  the or c e i n  

l e a ve s  s o lut i on and i s  dep o s i t e d  a r ound the gr anul e s ,  mak i ng 

the i r  o u t l i ne s  vi s i b le . The granul e s  a r e  a lways f ound i n  

the l arge c e l l s  through the embryoni c s t ag e s  s t u di e d .  Few , 

i f  any , a r e  f o und in -c;he sma l l  c e l l s  p r o duc e d  b y  divi s i o ns I 

throug h  I V .  Apparently s ome f a c t o r , p e rhap s y o l k ,  prevent s 

the i ni t ial e qua l div i s i o n  of the zyc;o t e . I t  i s  s ub di v i ded 

by the " cu t t i ng - o f f "  of smal l  ce l l s  from the ma i n  ma s s  unt i l  

c l e avage VI , when a n  e qual di v i s i on o c curs for the f ir s t  

t ime i n  the embryo . The re duc t i on in s iz e  o f  a very l arge 

c e ll by thi s me tho d woul d b e  unde r s ta ndab l e  i n  t e rms of y o l k  

pre s e nt , w e re i t  not for t he s p e c i f i c  manner i n  whi ch i t  

o c c u r s  i n  H .  diminut a . The small c el l  of c l e a va g e  I i s  

always la rge r than tho s e  p r o duc e d  by the next thr e e  di v i ­

s ions , a nd sma l l e r  than that f orme d b y  t he f i f th c l e ava ge . 

Wny s houl d a l a rg e r  c e l l  be " cut off 11 b e fore smal l e r  o ne s ,  

if y o l k  ma t e r i a l  were the only de t e rmining f a c t o r  i n  the 

way t he z yg o t e  i s  subdi v i de d? Moreove r , c e l l s  are a dde d to 

the e ar ly embryo s ingl y  i ns t e a d  of by two s ,  f our s , e tc . ,  a s  

i n  A s cari s ,  the s ta rf i s h ,  or the frog . 

The prop o s e d  p a t t e rn of c l eavage f o r  H .  dimi nuta 

( F i g s . 1 and 53-6 0 )  was c omp a r e d wi t h  Ogren ' s  ( 1953 )  pro­

p o s e d  p a t t ern for the o rder Cycl ophyll i de a .  O g r e n  c orre ­

l a t e d  hi s o b s e rva t i ons of c le a vage di vi s i ons i n  c e s t o de s  
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with t he spiral type exh i b i t e d  b y  many i nve r t e b ra t e s . I n  

the p r op os e d  p a t tern i n t o  whi ch H .  diminu t a  s hould fi t ,  the 

zygo t e  shoul d di v i de int o two ma c rome r e s of e qual s i z e . I n  

H .  diminut a ,  two c e l l s o f  qui t e  unequal s i ze r e s ul t  from 

c l e a va g e  I .  Ogr e n  fur ther s t a t e s  tha t i n  the s e c ond c le a v ­

a g e  di v i s i on ,  o ne o f  t he mac r ome re s from c l e avage I di v i de s  

a g a i n  e qua l l y , pro du c i ng two more ma crome re s . The author 

ha s found tha t c l e avage II i n  thi s spe c i e s  produc e s  two 

c e ll s  tha t woul d be ref erre d to as a ma crome re an d  a mi c r o ­

me re , i f  Ogre n ' s terminolo gy w e re employe d .  I n  t he p r e s ent 

p aper , the t e rms large c e ll and sma ll cell have b e e n  us e d  to 

me an mac r omere and mi c romere r e s p e c ti v e l y . I n  the thi r d  

c l e avage , a c c o rdi ng t o  Ogre n ' s s cheme , a ma c r ome re d i v i de s  

une qua l l y ,  p r o duc i ng a ma crome re a nd a m i c r ome r e . Thi s wa s 

f ound t o  b e  true i n  g. dimi nuta , but the c e l l  whi ch di v i de s  

t o  form t hem i s  no t the s ame a s  tha t i ndi c a t e d  by Ogren ' s  

t ext f i gure of the di v i s i o n .  Ogre n indi c a t e d  tha t the 

mi cromere di v i de s  i n  c l e avage IV to f o rm two mor e  mi c r omere s .  

The a uthor ha s no t o b s erve d mi cromere s i n  s t a t e s  of di vi s i o n  

i n  a ny of t h e  f i r s t s ix c l e a vage s o f  thi s sp e c ie s . C l e av­

a g e s  V and V I  of Ogren ' s  p la n  s how a ma c r omere di v i d i ng to 

p r o duce a no the r ma c r ome re and a mi crome r e . Thi s do e s  no t 

c orre s p ond t o  c l e avage V i n  H .  diminut a ,  where the l a rge s t  

c e ll o f  the embryo divi de s  t o  form a no ther l arge c e l l  and 

one whi ch i s  appr ox ima t e ly half the s i z e  of the l a t te r .  



This smaller cell is larger than cells previously referred 

to as micromeres. And in cleavage VI , inst e ad of a macro­

mere and a micromere resulting , there is an approximately 

equal division of the largest ce ll in the embryo. 
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Ogren ' s  alternative plan also , in certain respects, 

does not correspond with that observed in this specie s .  

C leavage I is  again presented a s  an e qual division ; and in 

the fourth cleavag e ,  it is indicated that a microm ere 

divides , instead of one of the lar ger cells. It is unclear, 

at present , why the above-mentione d discrepancies should 

exist. I t  m ight be stated that Ogren ' s  observations were 

made chiefly from stain e d  whole embryos and sections. His 

observations were not cytological in n 9.ture. His conclu­

sions , however , were based on data from a number of repre ­

sentatives of the C yclophyllidea , although H .  diminuta was 

not one of them . H. ��� a re lated species in the same 

genus, was include d in his study , and should be similar to 

H .  diminuta in m any re spects . The present study was mainly 

cytological, and Ogren ' s techniques were not employed . The 

latter method woul d be necessary for an adequate comparison 

of the cleavag e patterns considere d .  

The term 11 attache dt1 cell is used merely for the iden­

tification of a p articular cell .  It is sugrested that the 

origin of the cell is the vitelline gland because of simi­

larities of staining reaction . This origin cannot b e  deter-
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mined wi t h  c e r t a inty f r om s qua she s ,  and s houl d  be v er i f i e d  

from s e c t i on e d  ma t e r ia l . The func t i on of th i s  c e ll , if any , 

i s  unknown i n  the ea rly embryo . I t  r emai n s  wi th the emb ryo , 

w i t hout v i s i b l e  c hang e ,  through a l l  the e arly st age s 

obs e r v e d .  A s  menti one d previ o u s ly , polar b o d i e s  and s ma l l  

c e l l s  are a lways found i n  the v i c inity o f  the " a t ta che d "  

c e l l . Perhap s thi s  c el l  ha s s ome i nflue nc e  i n  de t e rmini ng 

jus t whe r e  the small c e l l s  will f o rm .  

Da t a  a c c umul a t e d  f o r  r a d i a t i on e f fe c t s  s tudi e d  d o  not 

di ff e r  gre a t ly from tho s e  repo r t e d  for o ther i rra d i a t e d  

organi sms . The tt s t i c ky "  chromo s ome s w e r e  o b s erve d s o o n  

a f t e r  i r ra di at i o n .  I t  i s  r e p or t e d  ( L e a , 1955 )  tha t thi s 

e ff e c t  app ear s i n  ce l l s compl e t i ng a div i s i on af t e r  i rr a di a ­

t i on i n  o ne of t he mi t o t i c  p ha s e s .  The i r  p r e s e n c e  i n  s ome 

mat e r i a l  f ix e d  at s e ve n  ho urs sugge s t s  t ha t  a f ew c e l l s  were 

delaye d in thi s c omp l e t i on f o r  f i v e  hours l onge r  than mo s t .  

The p re s e nce of nume rous fragment s and s ome t r an s l o c a t i ons 

is to be e xp e c t e d  from s imp l e  bre akage a nd re arrang ement s of 

c hromat i ds and chr omo s ome s . 

Some o f  the l ong chromo s ome s  were s o  unu s ual tha t 

s pe c i a l at t e nt i o n  s ho ul d  be g i ve n  t o  the i r  p o s s ib l e  o r i g in . 

Chromo s ome s t ha t e xc e e d  norma l l eng t h  may a r i s e  through 

trans l o c a t i ons and the end to end fus i on of p i e c e s  from var­

i ous chromo s ome s . But the re i s  an e xpe c t e d  l imi t to the 

s i z e  of a l ong chromo s ome forme d in thi s manner .  P i e c e s  
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from several chromo s ome s may fus e  wi th each othe r ,  but i t  i s  

not l ike ly that all fragments pre sent i n  a n  irradiate d c e ll 

wi ll do s o . One woul d not exp e c t  the l ength of a chromo s ome 

ari s ing through translo ca t ions t o  exc e ed a maximum of s ev­

eral time s tha t of the large s t  chromo s ome of a normal c om­

p l ement . Mor e over , a c orre sponding dec re a s e  i n  the lengths 

of o ther chromos ome s of the c e l l  woul d be obs e rve d.  Thi s , 

undoub t e dly , i s  an explana t i on for some of t he longer chro­

mo s ome s  obs erve d that di d not grea tly e xc e e d  normal s i ze . 

I t  woul d no t exp l a in the origin of a chromos ome a s  large as  

tha t i llustra t e d  i n  Figs . 5 ,  70, and 71. The l e ngth of thi s 

larg e chromos ome i s  e qual t o  the c ombine d lengths of the 

next eight large s t  chromos ome s of the c e l l . Moreover , 

e leven o the r chromo some s are pre s ent , in  addi t ion t o  the 

v ery long one . If the long chromo s ome cou l d  b e  exp l ai ne d by 

tran s l o c a t i ons , surely the other e l even woul d  show greater  

i rregular i t ie s  than are  obs ervable ( Fig . 71) . 

A more reasonable p o s s i bi l ity for the origin  of long 

chromo s ome s of thi s nature i s  t he chroma t i d  bre akage -fusi on­

bri dge cyc l e , as pre s ent e d  by Faberge (1958 ) .  Thi s cycle 

resul t s  from a s ingle brea.k acro s s  one chroma t i d  i n  prophase.  

The chroma tid  may cons i s t  of two s trands whi ch are broken a t  

the s ame , or  nearly the s ame , leve l ,  the two fre e e nds unit ­

i ng .  Alterna tively, i t  mi ght be  cons i dere d that the chroma ­

t i d  i s  11 s ingle rr at the t ime o f  breakage , but that when i t  
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double s ,  t he t e rw�na l e le ment f a i l s to dup l i c at e ,  thus g i v ­

ing a n  e qui v a l ent s i s t e r  uni o n .  The s ame r e s ul t  woul d b e  

obt a ine d i f  the f r e e  e n d s  are c apable o f  r e j o ining imme di ­

a te ly a f t e r  dup l i c a t i on .  Re g a r dl e s s  of t he way i n  whi ch the 

c y c l e  i s  i ni ti a te d ,  a br i dge i s  p r o duc e d  a t  anapha s e  c on­

s i s t i ng of a chromat i d  whi ch i s  v e ry near l y  s ymme tr i c a l  

about the p r e c e ding p o i nt of fus i on .  When t he b r i dge bre aks, 

broken ends a re a g ai n  exp o s e d  whi ch ma y r ep e a t  the who l e  

pro c e s s  i n  the next div i s i o n .  The cyc l e  may b e  c o nt inue d 

f or ma ny c e l l  g e ne ra ti ons . If the br e a ka ge of t h e  bri dge 

always o c c urr e d a t  i t s  mi dp o i nt , a chromo s ome aff e c t e d  i n  

the manner woul d not i ncr e a s e  i n  l ength . But i t  h a s  b e e n  

obs e r ve d tha t a bri dg e i n  trli s mat e ri al may break a t  a ny 

p o i nt al ong the chromo s omal s trand . When b r e aka g e  i s  

une qua l ,  one c e l l  re c e i v e s a c hromo s ome s omewha t l o nger than 

that f rom whi ch the br idg e  o r i g i na t e d .  The o the r c e l l  

re c e i ve s a shor t ene d port i on .  A c hrom o s ome o f  c ons i de r a b l e  

l e ngth migh t  a ri s e  whe n the cyc l e  i s  c ont inue d f o r  s e veral 

cell g e ne ra t i o ns wi th t he a d di t i on of a sma l l  p o rt i on in 

e a ch di v i s i on .  An e mbryo that i l l u s tr a t e s  a p a r t i c ular way 

i n  whi ch a b r i dge might p o s s i bly break i s  f o und i n  Fig . 79 . 

The l ong bri dg e  i s  broken a t  t he p o s i t i on through which the 

c l e av a g e  furrow may have cut during cyt okine s i s .  One c e l l  

re c e i v e d  a v e ry l ong p a r t  of the br i dge , whi l e  the smal l e r  

c e l l c o nt a i ns the s ho r t e ne d  p o r t i on . Thi s p r o c e s s  c ou l d  
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hav e b e en rep e a t e d  thro ugh s ever a l  une qua l  d i v i s i ons . 

W i t h  the large number of fr agment s o b s e r v e d  i n  thi s 

i rr a di a te d ma t e ri a l , i t  i s  s urpr i s ing tha t mor e  di c e nt ri c s  

o f  t he type s h own i n  Fi g .  10  we re no t pr e s e nt . I t  s e ems 

re a s onabl e that no me t a c e nt r i c  c hromo s ome s were o b s erve d 

when the p o s i t i on of t he ce ntrome r e s  i s  c ons i dere d .  I n  H .  

diminuta ,  a l l  c e ntrome r e s are t e rminal , or very ne ar t he 

end . For a me t a c e ntr i c  to f o rm, there mu s t  be a br e a k  

e i ther a cr o s s the c e nt r ome re o r  t he s h o r t  a rm of the chromo ­

s ome , i f  o ne e xi s t s .  The re i s  muc h  l e s s  chanc e f or a br e a k  

t o  o c c ur a t  thi s p o i nt a s  c o mpared t o  t he many p o s s i bil i t i e s  

for b r e a k s  i n  t he l ong a rm  of t he chromo s ome . P r obably me t ­

a c e nt r i c s woul d b e  f ound i f  enough ma te ri e.l were e x ami ne d .  

The hi s t ogram ( F i g . 2 )  i l lus t ra t e s  the p e r  c e nt of 

aff e c t e d  embryo s  i n  e a c h  c l e avage divi s i on o f  t he s amp l e  

c o unt a t  5'000 r .  I t  s how s tha t t h e  grea te s t  number o f  

embryo s wi t h  chr omo s ome a l t er a t i ons were i n  c l e avage di v i ­

s i ons I I I , I V ,  and V .  A chi s quare te s t  indi c a t e d  a s ignif ­

i c ant differenc e among p e r c e nt a g e s  shown . Unl e s s  the embryos 

i nc l u de d in the c o unt r e p r e s e nt an unusual s amp l e ,  the r e  mus t 

be s ome exp l a na t i on for t he o b s erve d d i f f e r e nc e s . All worms 

were f i x e d  at e i gh t  hour s af ter i r r a di a t i on .  The r e  was no 

evi d en c e  of n s t i ckine s s 11 of c hromo s ome s .  It i s  t he op i n i o n  

o f  t h e  author tha t b y  e ight hour s , n s t i c ky n  c hromo s ome s hav e  

r e c over e d  and tha t s ome c e l l  di v i s i on h a s  o ccurr e d .  Jus t  
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how many divi si ons i s  not known . Probably embryo s  ob serve d 

a t  the time of fixa t i on were i n  some earl i er st age at  the 

t ime i rradiate d .  The observe d embryo s in c leavage s I and II 

may hav e b e e n  oocyt e s  i n  me i o s i s  a t  the time of i rradi a t i on . 

:Perhap s -che mor e s everely damaged oocyte s  did no t succ e s s -

fully complete  me i o s i s  and fertili zation . If only moderat ely 

damaged oo cyt e s  forme d zygot e s  and pro c e e de d  a s  far a s  cleav-

age s I and II by the time or observat i on,  thi s would a c c ount 

for t he re duc e d  numbe r  of affe cted  embryo s  a t  the s e  s tage s .  

A c cor ding t o  th i s  s cheme , embryos obs erve d i n  c l eavag e s  I I I  

through V would have b e en i n  the pronucl e ar s tage a n d  cl eav-

age s I and II a t  i rradi a t i on . 

'rhe work of Schiller  ( 1959 ) and Kuhlman ( 1960 )  prov e s  

that c e s t o de morphol ogy c a n  be affe c t e d  by radi a t i on .  The i r  

observa t i ons include only gro s s  change s ,  with n o  de tai l e d  

i nforma t i on a s  t o  the me chani sms involv e d .  S chil ler ' s  di s -

cus s i on of the s ub j ect  inclu de s  the following remarks : 

Var i a t i ons are known t o  have different cause s .  Per­
manent and t ransmi s s ible vari a t i ons i nvolving chromo some 
aberrat ions ( e . g . bre aks , i nver s i ons , trans l ocatio ns , 
l o s s e s ,  and polypl o i dy ) , gene mutati ons , or  s e grega t i on 
have been referred to  a s  genotyp i c . Vari a t ions whi ch 
oc cur in re sponse to  t he na ture of the ext ernal e nviron­
ment , or the i ntera c t i ons of both, have been c la s s if i e d  
a s  developmental or  temporary changes . Di ff icult i e s  i n  
me thodology are i nvolved i n  arriving at a dec i s i on 
regardi ng the ori g i n  of a vari a t ion a s  a geno typ i c  
change in a c e s tode . Al though s ome c ytol ogi cal s tudi e s  
have been reported for a few spe c i e s  ( Chi l d ,  1904, 1911 , 
in Moni e z i a ;  Harman , 1913 , in Taeni a ; Young , 1908,  1912 , 
1 9 19 , 1935,  in Taeni da e ; Mo tomura , 1929 , i n  A rchige t e s ; 
Jone s ,  1945 , i n  Hymeno lepididae and Dilepi diaae ; Jone s 
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and Ciordia , 1956,  in Taenia ; and Jones and Wyant , 1957 , 
in Tae ni a )  c omparative ly little is known about heredity 
in these organisms . In the present state of knowledg e 
with reg a rd to these worms it is not p ossible to know 
wi th c ertainty i f  events such as chromosome or gene 
mutati ons o c cur and how imp ortant a c ontribution they 
m ak e  t o  the observed cases of variation . The problem is 
not simpl e  sinc e one must depend up on phenotypic expres­
sion to indicate the chang e in the genotype . 

S chiller did not de fine the term chromosome mutation . 

Apparently he used it t o  indic ate a chrom osome aberration or 

some change other than a gene mutation .  V!hil e  it may not be 

p ossi ble to know with c ertainty if gene mutations o c cur in 

c estodes, it is p ossible to know if such events as chromo-

some mutations (aberrations )  are p ossibl e m ere ly by observ-

ing the chromosomes of an irradiated c e stode . The chromo -

somes in embryos of H .  � can b e  observed j ust as e asil y  

a s  those of H .  diminuta . P e rhaps the former spe cies would 

be a bette r one f0r chromosome study than the l atter. I t  is 

a small er worm, a fact whi ch would simpl ify the squashing 

proc ess . The dipl oid number is ten (Jones, 1945 ) , or twe lve 

if one ob tains the cytol ogic a l  ' 'ra c e "  rep orte d by Jones 

( 195.5 ) . 

S chiller p ointed out that c e rtain a spe cts of the 

observed effe cts of r adiation on H. � suggested some of 

the change s  misht have b e en analogous to the phenomena of 

radiati on-induc ed gene and chromosome muta tions as observed 

in other organisms . The present report verifies the a ctua l  

existence of aberrations in irradiated c estodes .  I t  does 
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not indicate to what e xtent the s e  aberrations affect future 

ge nera tions or to what e xt e nt they may i nfluence the produc­

tion of morphologi cal abnormalitie s. P e rhap s many of the 

obs erved aberrat ion s wo uld have be en lethal to ce lls in 

which the y  occurre d .  It would s e em r e a sonable to as sume 

that some of t he small change s  could persi s t  w i thout fatal 

e ffects . Moreover , i f  rad i ati on can pro duce s uch gros s 

chang e s  a s  obs erve d, surely there would be numerous chang e s  

at the leve l of the g e ne. One way in whi ch trans mi s s ible 

ab errations m i ght be detecte d would be the examination of 

de scendants of irradiate d worms . It i s  the opi n i on of the 

author that gi ven enough rad i ation and generation s  of worm s ,  

the morphology of H. diminuta could be permanently changed 

through the accwnulation of chromos ome and gene change s . 

Any v i s ible, p e rs i s tent abe rrations may b e  detecte d by exam­

inat i on of dividing e mbryos . 

The neck reg ion of the tapeworm body contains c e lls 

w i th embryon ic properti e s. The s e  are rap i dl� -dividing c e lls 

s ince new proglotti ds are con s tantly be i ng budd e d off b ehind 

thi s zone of growth. Chromosome s of the s e  c e lls are v e ry 

s mall an d s tud�' would be diff i cu lt, if at all pos s ible. 

Neverthe le s s , the s e  chromosom e s  s houl d b e  affecte d i n  the 

s am e  manner as thos e  of t he embryos . In the s ample count 

( Table I ) , an average of 4;; .5 p e r  cent of the embryo s exhib­

ited chromos ome chang e s .  If a li.ke number of c e lls in the 
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neck r egion were affected,  surely there woul d  be s ome obvi ­

ous change in  the organs which develop from them . I t  i s  

qui t e  clear why the worms obs erve d by Ki s ner (1957a ) did  not 

show s i gnif i c ant radi a t ion induce d  morphological  abnormali­

t i e s . Iwnature worms were sub j e c t e d  to  the s ame trea tment 

as thos e  of the present report , but the maximum dos e  was 

only 720 r .  In  irradi a t e d  worms a t  800 r,  large number s of 

damage d  embryos were not obs erve d .  Apparently the damage 

pro duc e d  by 720 r in the firs t experiment was no t suffic ient 

t o  brinG about obs ervable changes in the organs . A point 

that i s  not clear  in conne c t i on with the radi at i on- induce d 

morphological  abnormali t i e s  reported by Schill er i s  t he way 

they appear al ong the s trobi l a . S truc tural  abnormalit i e s  in 

e.dult worms irradiated  a s  e ggs  occurre d  a t  i rregular inter­

val s  a long the body of t he tapeworm. Thos e  in cestode s  

i rradiated a s  cys t;icerc o i ds were found many times i n  s eri e s  

a t  various int e rvals along the s trobila . I f  the abnorma l i ­

ties  a re t o  b e  explaine d  by chromo s ome and gene change s i n  

the c e l l s  whi ch f orm them, why do normal and a bnormal pro­

glot ti ds s ome time s occur next t o  each o ther in  a singl e 

worm? Both the abnormal and normal proglo t t i d  des c ended 

from the cells  o f  the neck  region . Unles s the cha nge o c curs 

after the progl o t t i ds are budded off from thi s zone , i t  

would s e em tha t a l l  would b e  aff e c t e d  i n  the s ame manner.  

The present experiment s have been a general s urvey of 
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cytoloei cal e ffects  of radiation on e arly embryoni c s t ages 

of H .  diminuta .  With the ma j or problem of t echnique alre a dy 

s olved,  future work c ould be  de s igned to provi de more spe­

c ific  informa t i on .  Thi s include s further s tudy of eff e c t s  

mentioned i n  thi s report . Moreover,  the eff e c t  of dos e  rate  

might be co nsi dere d. It would be interesting to pursue fur­

ther the p o s s i ble  origin of the long chromo s ome aberra tion.  

If a c tual ly formed in  the manner s ugge s te d ,  perhaps some 

indirect  evidence of i t  coul d  b e  obtaine d t o  support this 

theory . If s everal cell  generat ions are r e quired t o  produce 

a long chromo s ome of the type of Fig . 70, one would not 

expect  to  find thi s degr e e  of the aberration s oon a ft e r  

i rradiation.  But as  the time be tween irradiat i on and f ixa­

tion increas e s, there shoul d  be a not ic eable incre a s e  in the 

ave rage l ength of any long chromo s ome s that  do appear.  If 

one shoul d  find an extremely long chromos ome in a worm where 

mos t  dividing cells e xhibi t  the " s ticky11 effec t ,  thi s might 

lead  t o  s ome doubt as t o  the vali dity of the breakage-fusi on-

bri dg e  cycle a s  an exp lanat ion . 
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Chromosomes of the adult stage of the cestode Hymeno­

l epis diminuta were stud i e d  in aceta-orcein squashes of 

selected portions of the strobi la . The deta i ls of oog enesis 

were observed and recorded .  �1ey are very sim ilar to tho s e  

reporte d f or other organisms. Oogon i a  increase i n  size a nd 

pass to the uterus where me iosis occurs . A small cell of 

unknown ori gin and f unction attaches itself to the primary 

oocyte . Reducti on divisions proce ed in a typi cal manner. 

P ene tration of the oocyte by the sp erm occurs prior to meta ­

phase I. Male and f emale pronucle i  do not f us e  with each 

other , but rema in s ep arate during prophase . The ir chromo­

somes m ingle on the first cle avag e  sp indle at metaphase .  

The cle avage p attern during the f irst six e mbryoni c  

d ivisions w a s  determined as a prere quisite t o  the under­

standing of mitosis in embryos . The f irst f ive cle avage 

divisions of the embryo are qui te unequal. The z ygote 

appe ars to be subdi vided by the " cutting of f 11 of small cells 

f rom the main mass during these f ive divisions. An e qual 

divis ion occurs f or the first time at cle avage VI and 

i nvolves the largest cell of the e mbryo , as did the first 

f ive . The sm all cells f orme d during the e arly cleavages are 

of d i f f erent s i z e s ,  dep e nding upon the number of the d ivi­

sion . The smaller c e ll f ormed by cle avage I is larg er than 
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those produced by the next three cell divisions of the 

embryo .  The small cells , a fter they are formed ,  do not 

divide in the early embryo. There are twelve acrocentric 

chromosomes in metaphase plates. They are of maximum size 

during the first few cleavage divisions , but become smaller 

as the large cell is reduced in size by the mitotic subdi­

vision. The mitotic process is very precise with few , if 

any , irregularities in thousands of divisions. 

Mature worms were irra diate d with gamma rays U.tOO,  

800, 1200, and 5000 r ) by whole -body irra diation of rat 

hosts. Fixation times were 2 ,  7 ,  8 ,  and 24 hours after 

irradiation . A s  t he dose of radiation increase d ,  the number 

of embryos with aberrations a lso increase d .  11 Stickyn chro­

mosomes were found in worms examined soon after irradiation. 

Fragments and bridges appeared in all materia l  observed .  

Variations of chromosome number , above an d below the diploi d 

number, were noted. C hromosomes exceeding normal length 

were seen in a few cells. Moderately long ones were prob­

ably a re sult of transloc ations. The extremely long ones 

suggested a chromatid breakage-fusion-bri dge cycle . A sam­

ple count of aberrations in the first five cleavage divi­

sions was made in three worms receiving 5000 r .  There were 

451 embryos with chromosome alteration s in 990 observed ,  or 

45 .5 per cent of the total. A greater p ercentage of these 

was found in cleavages I I I  through V than was obs erved in 
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the f i r s t  two di vis i ons . 

A growth rate s t udy for H .  diminuta i n  ten worm infe s­

t a t i ons wa s attempte d .  The de s i re d  numb er o f  worms wa s not 

r e c overe d from enough ra ts  to  de t e rmine a r e l iable growth 

curve . I t  was  di s covered tha t  worm length var i e d  wi thin 

rat s and between rats of c ompara ble  s ex ,  age , we ight , worm 

bur den, and gene t i c  b a ckground . 
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PLATE I 

EXPLANATION OF FI GURES 

Figure s 4--1 0 are pho t ographs of embryos prepar e d  by 

ace to-orc e i n  s qua sh me thod.  No magni f i c a t i ons are give n .  

C amera luc i da drawings o f  Figur e s  4 ,  5 ,  6 ,  7 ,  and 1 1  may be 

found in the i llustra t i ons ( wi th c orre c t  dimens i on s cale ) . 

The re ader i s  refe rre d to  the s e . 

J:!,igure 4 .  C le avage V .  Polar view of a normal me ta­

pha s e . The fa int out line of  the large s t  cell  i s  vi s ible . 

C e ll membrane s and cytop l a sm o f  the smaller c e l l s  are not 

vi sible whi le the i r nucle i are qui te di s t i nc t . The large s t  

nucleus ( lower r ight of embryo ) b e l ong s  t o  the smaller c e l l  

o f  c le a vage I .  The dark s t a i ning nuc leus next in order of 

s i ze ( lower l ef t  of embryo ) i s  part of the lfa t tached11  ce l l .  

The thre e smal l nucle i indi cate cells  whi ch are product s  of 

cleavag e s  I I ,  I I I , and IV . See Fig . 42 . 

F icure 5 .  C le avage s tage undetermine d .  Probably 

cleav age V .  An extreme example  of the l ong chromos ome 

abnormality i s  sho�;m.  Only twe lve chromos ome s { the d ip l o i d  

number)  are pre s ent . 800 r at 8 . 3.5 r per minute . Worm 

fixe d approximately e ight hours after end-p o int of irradia­

t i on .  

F igure 6 .  C l e av age s t age undetermine d .  Probably 

cleavage v .  Example  of the l ong chromos ome abnormal i ty .  
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The largest nucleus present belongs t o  the smaller cell 

arising from cleavage I .  The nucleus of the 11at tached 11 cell 

is ne x t  in order of siz e. The thre e small nuclei of approx­

imat e ly e qual siz e  are tho s e  of the smaller cells of cleav­

ages II , I I I , and IV.  The small black masses are very 

likely p olar bodj. e s. Chrom o s omes are of the m e taphase 

de gre e of thickening . Twenty chromo s omal elements are pre­

sent in addition to a very lonr: one. 800 r at 8. 35 r per 

minute. Worm fixed approximat e ly eigh t h ours af t er the end­

p oint of irradiation . S e e  Fig. 67 . 

Figure 7 .  C leavage V. �fe n ty-six chromosomal ele ­

ments are distribut ed une qually be twe en t he p oles . One very 

long chromosome , apparen tly acentric , is coiled in the cyt o ­

plasm. 8 00 r a t  8 .  3.5 r per minut e. Worm fixed approximately 

eight hours af ter the end-poin t  of irradiation . S e e  Fig. 7 7 .  
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PLA 1� I c ont i nue d 

E.X.PLANA'l1I OlT OF P I GURES 

F i gure 8 .  C l e av a g e  s t a ge unde t e rmi ne d .  

c l e av a g e  v .  L a t e  anaphas e  or e a rly t e l o p ha s e . 

61  

Prob ably 

L o ng b r i dge 

i s  bent in t he r e g i on of the e qua t o ri a l  p l a ne . 800 r a t 

8 .35 r p e r  mi nut e . Wo rm f ixe d a t  app r o x ima t e ly e ie ht hour s 

a f t e r  the end-p o i nt of irra dia t i on . 

Figure 9 .  C le avage s t ag e  unde t e rm i ne d .  Pr obably 

c l e a v a g e  v .  La t e  anapha s e  or e ar l y  t e l op ha s e . L o ng br i dge 

b ent in r e g i on of the e qu a t o r i a l  p l ane . Fragme nt s in t he 

cytop l a sm .  800 r a t  8 . 35 r p e r  m i nut e . W o rm f ix e d  app r ox i ­

ma t e ly e i ght hours a f t e r  the end-p o i nt o f  i r r a di a t i on . 

F i gu re 10 . C l e avage s t a s e  unde t e rmine d .  P r ob ably 

c l e avage I V .  Anapha s e . Thre e U- shape d chromo s ome s approach­

i ng the p o l e s a re as s ume d t o  b e  di c entri c s . 800  r a t  8 . 35 

p e r  mi nut e . \iorm fi x e d  e ie;ht hours aft e r  the end-p o in t  of 

t he irradi a t i o n .  

Fi gure 11 . C l ea va g e  V .  M e t apha s e . Thi s i s  a n  

examp l e  o f  a n  inc re a s e  in c hromo s omal e l ement s . I t  woul d 

app e a r  f r om the o r i e nta t i on of mos t of them tha t c e ntrome r e s  

a r e  pre s en t . 800  r a t  t:3 . 35 r p er minut e . W orm f i x e d e i ght 

hours a f t e r  the end-p o int o f  the irra d i a t i on .  S e e  Fig . 103 . 
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PLATE I I  

EXPLANA TI ON OJi' F IGURES 

Fi gur e s  12 - - 62 repre s ent norma l ma t e r i a l . Figure s 

21--28 i llus t ra t e  me i o s i s . F i gure s  29 - - 62 p re s ent mi t o s i s  

a nd t he e v i dence up on whi ch the propo s e d  c le avage p a t t e rn 

w a s  b a s e d .  A l l  i l lu s t ra t i ons were drawn w i th the ai el. of' a 

c ame r a  luc i da u s ing a n  o i l  imme r s i o n  o b j e c tive ( 95X ) and a 

2 0  X o cul a r . .  F i gur e s  12- -15 are f r om s e c t i one d mat e r i a l  (10 

micron s ) and s t a ine d wi th He i denha i n 1 s i ron hema t oxyli n  

( H . I . H . ) .  A l l  o the r s  w e r e  drawn from a c e t a - o r c e i n  prep a ra­

t i o ns . 

Fi gur e  12 . Oog onium a s  i t  appe a r s  in the ovary pri or 

to the beg inning o f  me i o s i s . A l a rGe nuc l e u s  and nuc l e olus 

are p re s ent . rr:a ny very c o a r s e  dark - s t a ining granul e s  are 

:f o und in t he cytop l a sm .  

Fi gur e  13 . Pronuc l e a r  s t ag e . Pronuc l e i a r e  in 

i nterpha s e . E a ch p o s s e s s e s  a nuc l e o lu s . 

F i sure 14 . Same a s  • 13 . No t e  the pre s enc e  of a 

l a rg e r  numb er of granul e s  i n  t he c yt o p l a s m .  

Figure 1� . C l e a vage in emb ryo . P o l a r  me t apha s e . 

S t a c e  unde t e rmine d .  ;:; ot e -che pre s ence of twe lve chromos ome s 

whi ch are al l a c r o c entri c .  

F i gure 16 . I di ogram of me t apha s e  chr omo s ome s . 

C l e avage I .  De t e rmine d from s e vent e en c e l l s . 



Figure lj . Di akine s i s  in t e s t i s  cell . 

F ifure lb . Same a s  Fig . 1 7  

Figure 19 . A ce ll tb.a t  attache s to  the :primary 

o ocyte . I t  rema ins wi th the embryo dur ing e arly cle avage , 

apparently unchange d .  Thi s ce ll re s emble s tho s e  of the 

vitelline gland . 

Figure 2 0 . Same a s  Fig . 19 . 

Figure 21 . Oog onium a s  i t  appe ars i n  the ov ary pri or 

to the beginning of me i o s i s . See Fig . 12 . 

Figure 2 2 .  Very early me i o s i s  in the primary o o cyte . 

Chromo s ome s p o s s e s s :l.n£' irregular outline s appe ar in group s  

o f  two befor e  the di s app e aranc e o f  the nuclear membrane or 

nucle olus . The small  nuc leus c ontaining a thi ck irregular 

chromat in ne twork belonc; s  to  the " a tt ache d "  cell . 

F igure 23 . !vie i o s i s . Me tapha s e  I .  Not e  that  fer t i ­

lization has alre a dy o ccurre d .  The sp erm nuc l eus i s  the 

c ompact  s phe ri c al ma s s  in the cytopl a sm.  

Figure 24 . rr:e i o s i s . Si de view of  met apha s e  I .  Out­

line of spindle i s  shown . J:�ote  tha t  i t  o c c up i e s  muc h  of the 

interior of the cell . 'E.'le large ma s se s  out l ine d in the 

cytoplasm are granule s  swollen by acetic  a c i d .  

Figure 25 . Me i o s i s . Anaphase  I .  :Note pos i t i on of 

future polar b o dy in rela t i on to the " a t t a che dn cell . 

F i gure 26 . Mei os i s . Me tapha s e  I I .  The smaller of 



the compact masse s in the c yt op lasm is the sperm nucl eus ; 

the larger is p olar b o dy I .  
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PT .... .\ TE  I I  continued 

EXPLANATI ON. OF P IGURE S 

....., . '">7 l:' l gure c.. • Pronu cle ar stage • Pronu clei do not stain 

well with aceta-orcein . The two polar bodies are located 

near to the "attache d11 c e ll. Outline d masses in cytoplasm 

are those of Figs . 12--15 . 

Figure 28 . Outlines of male an d f emale pronuclei are 

visi ble . Outermost membrane of the c e ll is t he vitelline 

m embrane where it has b e come deta che d .  

Figure 29 . Cleavage I .  Prometaphase .  �1e chromo-

somes of e ac h  pronucleus are condens ing . Pronuclear �em-

branes are no longer present. 

Figure 3 0 .  C leavage I .  Polar vie w  of m etapha s e . 

"Attache d "  c e ll is absent. 

Figure 31. Cleavage I .  Late anaphase .  The chromo-

som es are approaching the poles of the c e ll ,  but still �ain-

tain indivi dual distinctne ss . "Attache d" c ell is absent . 

Figure 32 . C l eavage I. 're lophase .  C leavage furrow 

is beginning to form . Not e une qual division . 

Ficure 33 . ��o cell stage. Division of the zygote 

has pro duced a very large cell and a small one. 

Figur e 34 . C le avage II . P olar vie w of metaphase .  

Siz es o f  cleavage II chromosomes are approximately the same 

as thos e  of cleavage I .  
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Figure 35. Thre e c e l l  s t age . Nuc l e u s  or v e ry large 

c e l l  ha s not s ta ine d .  The nuc l e u s  of the sma l le r  c e l l  

re s u l t i ng fr om c l eavage II i s  no t a s  la rge a s  tha t of the 

sma l l e r  c e ll of c le ava0e I. 
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P4�TE I I c ontinue d 

EXPLANA T I ON OF FI GURES 

F i gur e 36. Four c e ll s t a g e . The nuc l e us of the 

sma ll e r  c e ll of c le avage I I I  i s  approx ima t e ly the s ame s i z e  

a s  t he sma ll e r  nuc l eu s  r e s ul t ing from c le a vage I I . Nuc leus 

of l a rge s t  c e l l  is not s t a ine d .  

F ie; ure 37 . C le avage IV . Prome t apha s e . Chr omo s ome s 

are c o nt ra c t e d  and de eply s t a i nable but no t ye t o r i e nt e d  on 

the me t apha s e  p l a t e . No t e  tha t mi t o s i s  is o c c ur r ing in the 

l a rge s t  c e ll of the emb ryo and not i n  one of the microme re s . 

F i p;ure 3 8 . C l e a vage I V .  Te lopha s e . 'f'ne nuc leus of 

thi s div i s i o n  and tho s e  of previ ous d i vi s i on s  app e a r  t o  b e  

l o c a t e d  ne a r  t h e  " a t t a che d "  c e l l .  

F i gure 39. F i v e  c e ll s t a2 e . The c e l l  membrane s  of 

t he t hre e s ma l l e r  c e ll s  were n o t  v i s ib l e  in the s qu a s h .  

Only the i r  nuc l e i  are drawn . 

Figure 40 . Same a s  • 39. C e ll membrane s o f  the 

s ma ll e r  ce l l s  were not v i s i b l e  whi l e  the nuc le us of t he l a rge 

c e ll c ould not b e  s e e n .  

Fi.gure 41 . C l e av a ge V .  Promet apha s e . C hr omo s ome s 

no t fully c ont r a c t e d  no r a rr ange d on a me t apha s e  p l a t e . 

F i gure 

S e e  . 4 -

F i cure 

42 . 

43. 

C le a vage V .  P o l a r  v i e w  of me t apha s e . 

Six c e l l  s t ag e . N o t e  t ha t the sma l l e r  
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c e ll pro duc e d  by c l e avage I .  

F i gure 44. S ame a s  F i g . 43. N o t e  large c e ll w ithout 

a v i s i b l e  nuc l eus in l owe r l e f t  of embryo . Thi s c e l l  vm s 

adde d  bJ c l e avage v .  
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PLATE II c onti nue d 

EXPLA!TA fJ.1 I OU OF FIGUHES 

F i gure 1-t-5 . C l e a vage VI . E arly anapha s e . N o t e  t ha t  

e a ch of the me t apha s e  tj� e  chromo s o me s  a r e  s ara t i ng a t  t he 

e nds , indi c a t i ng the p o s i t i on of the cent r ome re s . 

Fi gure 46 . C l e a vage VI . L a t e  anapha s e . Chromo s ome s 

are s t i ll di s t inct . A l l  are ro d- shap e d i n  a napha s e . 

F i gure 47 . S e v e n  c e l l  s ta g e . The large s t  c e l l  of 

the s ix c e ll s tage ha s d i vi de d  a lmo s t e qually . 

F i gure 48 .  S ame a s  F :t g . 47 . Large c e l l s  on the 

r i ght of t he embryo are p r o duc t s  of c l e avage VI . 

F i gure 49 . S ame a s  F i g . 47 . 

F i gure 5o.  S e ven c e ll s ta g e . Mi t o s i s  o c c ur r i ng i n  

two of t he l arge s t  c e l l s . Thi s may indi c a t e  tha t the c l e a v ­

a g e  p a t t ern change s s omewha t a f t e r  the s ev e n  c e l l s t a g e . 

F i gure 51 . E i ght c e l l  s tage . 

F i gure .52 . Nine c e l l  s tage . N o t e  t ha t  the p o l a r  

b o di e s  a r e  s t i l l  pre s ent i n  the embryo . 

F i gure s 53--62 a re i nc lude d t o  show sp e c i f i c al ly the 

c l e avage p a t t e rn in t he e a rly emb ryoni c s t age s s tudi e d .  ��e 

s ta g e  of mi t o s i s  in e a c h  di vi ding c e ll i s  t e l opha s e . 

F i gure .53 . C l e avage I .  Tel opha s e . The c le a vage 

f urrow i s  v i s ible . Not e t ha t  the c h.romo s ome s whi ch will b e  

i nc lude d i n  the sma l l e r  c e ll app ear t o  b e  more a dvanc e d  i n  
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t e l opha s e  than tho s e  of the l arge c e l l . 
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PU\ 1� I I  c o nt inue d 

EXPLANATI ON OF FIGURE:S 

F i gur e 54 .  C l e av age I I . T e l opha s e . The re s ul t  o f  

t hi s  d i v i s i on W i l l  b e  a v e ry l a rg e  c e l l  a n d  a v e ry sma ll o ne . 

gure 5r:' ;:/ o  C l e a vace III . Tel opha s e . N o t e  tha t 

a g a i n  a sma l l  c e l l  wi l l  b e  cut off f r om the l a rge s t  c e l l  of 

t he embryo . 

F i gure 56 . C l e avage I V .  Tel opha s e . A sma l l  c e l l  i s  

i n  the pr o c e s s  of b e ing cut o ff f r om the l a rs e s t  c e l l  of the 

embryo . 'rhe c l e avage f urrow h a s not y e t  f o rme d .  

Fi gure 5 7 . C le avae e IV . 'l1e l opha s e . The c l e avage 

furrow has forme d a nd the p r o du c t s  of the f ourth c l e a vage 

divi s i on c le ar l y  demons t ra t e d .  

F igure 58 .  C l e av a g e  V .  T e l opha s e . The l a rg e s t  c e l l  

o f  the embryo i s  be ginn i ng t o  unde r g o  a typ e o f  di v i s i o n  

whi ch i s  almo s t e qua l .  

Figur e  59 . C l e avage V .  The c l e a v a g e  furr ow h a s  

f o rme d and cyt oki ne s i s  i s  ne a r ly c omp l e t e . 

F ig ur e  6 0 .  C l e avage VI . The l arge s t  c e l l  of the 

embryo i s  di v i d i ng e qua l l y .  

Figur e  61.  C l e a v a g e  VI I .  T e l opha s e  i !1  a l a rge c e l l . 

I t  i s  not knovm vih i ch c e l l  dlv i de s  b e yond c l e a v aGe VI . P o s -

s ib ly more t han one nay di v i de a s  shown i n  P • 50 . 

F ic:ure 62 . C l e a v a r: e  VI I I . �-1 e l opha s e  in one o f  the 



l a rt;e r  c el l s  of the emb ryo . h ot e  p a r t 1 cul a rly the p o l a r  

bodi e s  wi th a smal l amount o f  cyt opl a sm. 
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PLA 'l'E I I I 

EX.PLA 'iJA TION OP P. dES 

Figur e s  63--125 a r e  il l u s tr a t i ons of embryos ob s e rve d 

in i rr a diate d worms . I•'ie;ures a r e  group e d accord:tnc to 

effect inste a d  of the q uant i "ty of ra dia tion r e ceiv e d  or the 

time ch elaps e d a fter irra diation . I n  e ach i l l ustrat�. on ,  

the qua ntity of r a d i a ti on and fixa tion time is given . Fig -

ures 82--92 demonstrate bridges of al l t �� es obs e r v e d .  

Chromosones of embryos l n  fi gures 93--95 resemble that con-

dition refer r e d  to as 11 stickine ss n .  Fis;ure s  9 9 - -1 06 p r e s e nt 

v a riations from the normal dip loid nu.11be r  of twe l v e  chromo-

somes . Fracr:1entation of v arious de gre e s  is found in Fizures 

107--125 . 

Figure 63 . Cl e a v a s e  I .  The me taphase p l ate ha s b e en 

disp l ace d ,  proba '!:J l� by the s quashing p roce ss . 'r'ne dip l oid 

numb e r  of chromosomes is prese nt . One chromosome is app rox -

imate ly twe n t y-four hours aft e r  the end-p oint of irra dia tion. 

Cl e a vaee I I I . Chromos omes of the met a -

phase condj. tion. •rwe l v e  are p r e s e nt .  O n e  i s  mor e than 

twice as l ont; as any othe r in the ce l l . eoo r a t  8 . 35 r p e r  

minute . Worm f ix e d  app rozimate ly twenty-four hours afte r 

the e n d-point of the irradiation . 

Figur e 65 . Cle a v a g e  IV . Prometapha s e . 'rhirte en 

chromosome s pre s e nt .  The l ength of the long chromosome do e s  
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not gre a t ly exce e d  t ha t  o f  o th e r  l o ng chr omo s ome s o f  the 

c e l l . F our c omp a c t  ma s s e s  r e s emb l i ng p o l a r  bo di e s  are p r e ­

s e nt . 1200 r a t  3 .  09 r p e r  m i nut e .  Ylorm f ixe d app r ox i ­

mat e ly s even hour s a f t e r  the e nd-p o int of i rr a d i a t i o n .  

Figure 66 . C l e a vage v .  Chromo s ome s of the me t a ­

pha s e  c ondi t i on .  Six t e e n  chromo s oma l e l em e nt s a r e  pre s e nt . 

'Jlhe abnormal one i s  thre e of fo ur t ime s l o np e r  than a ny 

o t h e r  i n  th e c e l l . 5000 r a t  8l.j. r p e r  minu t e . V1t o rm fixe d 

e i ght hour s a f t e r  th e  e nd-p o i nt of the i rr a dia t i on .  

Fi 0ure 67 . C l e av a e;e s t a ge unde t e rmine d .  P robably 

c l ea v a c e  V .  C hromo s ome s a re of the me t apha s e  c ondi t i on .  

F o r  pho t o graph a nd exp l an a t i on s e e  Pig . 6. B O O  r a t  8 . 35 r 

p e r  minu t e . li orm fixe d app r oxima t e ly e i ght hours a f t e r  t he 

end-p o i n t  of the i rr a d i a t i o n .  

F i gu r e  6 8 .  C le a v a e e  s t ac e  unde t e rmine d .  Prob a b l y  

c l e a v a g e  V .  T h e  small e r  s t ruc t ure s w i thin t h e  embryo drawn 

i n  out l i ne a r e  nuc l e i . The la rge s t  is tha t of the smal l e r  

c e l l  f rom c le a va g e  I .  The nuc l e u s  o f  the 11 a t t a che d11 c e l l  i s  

next i n  or de r  o f  s i ze . The thr e e  nuc l e i  whi c h  a re approx i ­

mat e l y  e qu a l  i n  s i z e a r e  t ho s e of the sma l l er c e l l s  of 

c l ea v a g e s II , III , and IV . The sm a l l e s t  s t ruc t ur e  in o u t ­

l i ne i s  probably a p o l a r  b o dy .  Twe l v e  chromo s ome s o f  the 

pr ome tapha s e  c ondi t i on a r e  pre s ent . 800 r a t  8 . 35 r p e r  

minut e .  V'! orm f ix e d app r oxima t e ly e ight hour s a f t e r  t h e  end-
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p oint of irr adi ati on .  

Figure 69 . Cle avase s t ace unde termine d .  Probably 

cle avage VI . The large s t  s truc ture of the embryo dr awn i n  

out l ine i s  the nucleus o f  the sm aller cell of cle ava,se V .  

Next in orde r  o f  siz e i s  the nuc l eus of the smal ler c e l l  of 

cle avage I .  The nuc leus of t he tt at tache d11 c e l l  i s  s li ghtly 

smaller and l o c at e d  on the ex treme left of the embryo . The 

thre e smaller nuclei  of about the s ame s i z e  are products  of 

c l e avag e s  II , II I,  and IV . The two smalle s t  s tructure s are 

polar bodi e s .  Thi s p art i cu l ar emb ryo is unusual si nce two 

long chr omo some s are pre s ent . In mo s t  example s of thi s 

abnormali ty ,  only one o f  the s e  long chromo s ome s was 

observe d .  800 r at 13 . 35 r p e r  minute . Worm fix e d  approxi ­

mate ly e ight hours aft e r  t he e nd-point of the irradi at ion. 

Figur e 7 0 .  Cle avag e s t age unde termi ned. Probably 

cle avage V .  For photocraph and e xp l anati on s e e  • 5.  800 

r at 8 . 35 r p e r  minut e .  Worm fixe d app roximately e ic;ht hours 

aft er t he end-point of i rradi at i on .  

F isure 7 1 .  Chromo s ome s of Fig . 5 and Fig . 7 0  ranke d 

in or de r  of s i z e. C omp are vtl th Fig . 16 . 
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Pui TE  II I c on t i nue d 

EXPLANATI ON OF F IGURES 

F igure 72 . C l e a v ag e 11 .  Spa t J a l  r e l a t i ons of nuc l e i  

di s turb e d b y  s qu a shing . Twenty- two chromo s oma l e l ement s of 

the la t e  prome t apha s e  type . An a dd i t i ona l l ic ht s t a i ni ng 

ma s s  i s  i n di c a t e d  by s t i p l i ng .  1200 r a t  3 . 0 9  r p e r  minu t e .  

Worm f ix e d s e ve n  h our s a f t e r  the e n d- p o int o f  t he i rra di a ­

t i on .  

F i gure 73 C l e avage v .  Chromo s ome s of the l at e  pro­

me t ap ha s e  c on di t i on .  One ch romos ome i s  e x treme l y  l ong . 

5 0 00 r a t  84 r p e r  mi nut e .  Worm f ixe d e ight hour s a f t e r  the 

end-p o i nt of the i rra di a t i on .  

F i gur e 74 . C l e av age I V .  Me t apha s e  chromo s ome s .  

S i xt e e n  chromos oma l e l e me n t s  p r e s ent . 5 0 00 r a t  84 r p e r  

minut e .  W o rm f i x e d  e i ght hour s a f t e r t h e  e nd-p o i nt o f  the 

irra d i a t i on .  

F i gure 76 . C l e a va g e  I V .  E i ght e e n  chromo s oma l e l e ­

ment s o f  t he me t apha s e  co n di t i on a re pr e s e nt .  One c hromo ­

s ome i s  s l ightly l ong er than o ther l o ng ones of the divi di ng 

c e l l . Not e  t ha t  t he vi t e l l ine membrane h a s  b e e n  broken a nd 

pul l e d  away f r om the b l a s  tome r e s .  5000 r a t  84 r p e r  minute . 

Worm f ix e d a t  e i cht hour s a f t er the end -p o i nt o f  the i rr a ­

d i a t i on .  

F i gure 77 . C l e a va r e  V .  A napha s e . Twe n ty - s ix 



chromo s omal e lement s are di s tribut e d  unequally b e tween the 

pole s . One very l ong chromo s ome , app arently a centri c , i s  

coiled  i n  the cytoplasm. See phot ograph ( Fi g .  7 ) . Boo r 

per minute . Worm fixed approxima t e ly e ight hours after 

irradi a t i on .  

84 

Figure 7 8 . Cleava�e I I . Anapha s e . Ele ven chromo­

s ome s are grouped at  each  pole  i f  the long one s  are inc luded. 

Not e tha t  one of the polar bodi e s  ha s in s ome way divi de d or 

is  in ��e pro ce s s  of pulling apart . 12 00 r at  3 . 09 r per  

minut e . \'Jorm f ixe d e icht hour s after  the  end-point of  irra­

diati on .  

F igure 79 . C le avage s tage c ould no t be de t e rmine d 

be cause  of the dis ruption of the ce lls by s quashing . Not e  

the dis tribut i on of the brldge to  the dauchte r  c e ll s . The 

l ong e s t  part re�a ins i n  the larger cell whi le the small  cell  

has t he s hor tene d  por t i on .  5000 r at  84 r per  minute . Viorm 

fixe d e ight hours after the end-point o f  the irra diation .  

Figure So . C leavage s tage unde termine d .  Probably 

c leavage VI . Anapha s e . Ten chromo s ome s a t  e a ch pole if the 

long ones are inc lude d. Fifteen  chromo s omal e l ement s  in the 

cytoplasm . Kot e that the ends o f  t he long chromo s ome s 

locate d a t  the e qua tori al  plane are fre e .  No c hromosome 

bridge i s  pre s ent . 800 r a t  8 . 35 r per  minut e . �!J orm f ixed 

e ight hour s  after the e nd-po int of the i rradiat ion . 
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PU� TE III c ontinue d 

EXPLANATI ON OF FIGURES 

Figure 81.  C le avage v .  Anapha se . Twenty-four 

chromos omal e l ement s and one long chromosome bri dge pre s ent . 

8 00 r a t  8 . 35 r per minut e . Worm f ixed approximate ly e ight 

hours after the end-point of the i rradiation . 

Figure 82 . C l eavage I .  Anapha s e . Typ i c a l  bri dge 

ob served in irradiate d embryo s a t  anapha s e . 1200 r at 3 . 09 

per minut e . Worm fixe d  s even hours after  the e nd-point of 

the irra di a tion. 

Fi gure 83 . C leavac, e  s t age unde termined .  Probably 

c leavage V.  Eleven chromos ome s at e ach pole plus the con­

tinuous bri dge . Six chromos omal element s in the cytoplasm . 

Boo r a t  8 . 35 r per minute . \Vorm fixe d approximat e ly 

twenty-four hour s after the end-point of t he irra diati on .  

Fisure 84 . C leavage VI . Anapha s e . Bridge of 

unequal diame t e r .  Thi s bri dge re s emble s s omewhat the 

" s ti cky" bri dge s repor t e d  for s ome other irra diate d mat erial. 

1200 r at 3 . 09 r per minute .  Worm fix e d  s even hours after 

the end-point of the irradi at i on .  

Figure 85 . Cleava8e V I . Bridge  wi th fragment s in 

the cyt oplasm.  On the ba s i s  of the unequal diame t e r  of the 

chromos omal s trand, thi s may be a 11 s ticky11 bri dge . 1200 r 

at  3 . 09 r per minut e .  Worm f ixe d s even hours after the end-
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point of the irra di a t ion . 

F i gure 86 . Cleavage IV. Anapha s e . Bri dge with frag­

ment s . 5000 r a t  84 r p e r  minu t e .  Worm fixe d e i ght hours 

aft e r  t he end-point of the irradi a t ion . 

F igure 8 7. Cle avage IV. L a t e  anapha s e. Bri dge wi t h  

a few fragment s i n  t he cy topla sm . Not e tha t one of the polar 

bod i e s  app e ars to have divi de d. 1200 r a t  3 . 09 r p e r  minute . 

Worm fixe d s even hours after t he end-poi nt of the irra dia­

t ion . 

Fi gure 8 8. Cleavage I V .  A napha s e . Bri dge and frag ­

ment s .  5 000 r a t  84 r per minu t e . Vlorm fixe d e i cht hours 

aft e r  t he e nd-poi nt of t he i rra dia t ion. 

Fi gure 89 . Cle avage s tar, e un de t ermine d .  Probably 

cle a vage VI I . Not e  t ha t  the bri dg e  i s  qui t e  small in di a­

me t er. Compare with bri dge illu s tra t e d  i n  F i g . 83 . 800  r 

a t  8 .45 p e r  minu t e . W orm fixe d approxima t e ly e i cht hours 

after t he end-po i nt of the i rra diat ion .  
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EXPLANATI ON OF FI GURES 

Figure 9 0 .  C leavag e I I . Anaphas e . Broken bridge. 

Fragment s in the cytopla s m . The bridge has broken approxi­

mate ly in the middle of the chromos omal s trand. 1200 r at 

3 . 09 r per minute. Worm fixed s even hours afte r  the end­

point of the irra diation. 

Figure 91 . C leavage I I . Anaphase. Broken bridge . 

This bridge has broke n  une qually . The laree c e ll will 

re ceive a long p art of the bridge while the small c e ll will 

re c eive the shortened portion. 5000  r at 84 r per minute . 

Worm fix e d  e ight hours after end-point of the irradiation. 

Figure 92 . C leavage v .  Anapha s e .  R emnants of a 

bridge. 5000 r at 84 r per minute . Worm fix e d  eight hours 

after the end-point of the irradiation. 

Figure 93 . C leavage V .  Anaphas e. 1200 r at 3 . 09 r 

per minute . Worm fixe d  s e ven hours after the e n d-point of 

the irradiation. 

Figure 94 . C leavage I .  "Atta ched" c e ll abs ent. 

This is an e xtreme cas e of that condition re s e mbling 11 stick­

ine s s n  in other irradiate d  organisms. The bridge indicate s 

p erhap s that the stage might b e  anapha s e . 1200 r at 3 . 09 r 

p er minute. Worm fixed two hours after the end-point of the 
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i rr a di a t i on .  

Figur e 95 . C le avage III . The s tage may be anapha s e . 

Much of t he nuclear ma t e r i a l  ap pears  t o  be c lump e d .  1200 r 

a t  3 . 09 r p e r  minut e . W orm f :Lx e d  s even hours aft e r  the end­

po int of the i rr a di a t i on .  

Figure 96 . C le avage I V . Early anapha s e . Seven 

chrom o s ome s are just beginning t o  s epara t e .  The r e s t  of the 

nucle a r  mat e ri a l  is clump e d .  1200 r a t  3 . 09 r p e r  minute .  

Worm f ixe d e ight ho ur s  af t e r  the e nd-point of the i rra dia­

t ion . 

Fi gure 9 7 . Mei o s i s . Met apha s e  I I . Six dya ds and 

one mana d are pre s ent . Thi s c ould be an i rr a di a t i on e ffe c t ,  

but i t  al s o  o c c a s i onally oc curs i n  non-i rr adiate d ma t e ri a l . 

5000 r a t  84 r per minute . Worm f ixe d e ight hour s  aft e r  the 

end-p o int of the i rra di a t ion. 

Figure 98 . Me i os i s . Me t apha s e  I .  Not e the pre s e nc e  

of two nuc l e i  of the 11 a t ta che d11 c e ll typ e . 5000 r a t  84 r 

p e r  minut e . Worm fix e d  e ight hour s  aft e r  the e n d-point of 

the i rr a dia t i on.  
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PLA TE III c ont i nue d 

EXPLANATI ON OF FI GURES 

F i gur e 99 . C le a va e" e  I .  P r om e t apha s e . R e du c t i on in 

c hr omo s ome numb e r . 5ooo r at 81+ r p e r  m i nut e . W o rm f ixe d 

e ight hours a f t e r  the end-p o i n t  o f  t�e i rr a di a t i on . 

P i gur e  100 . C l e a vage II . r��e t apha s e  chromo s ome s .  

Only e l even a r e  p r e s ent . r' () < �000 !' a t  v 4  r p e r  r:J.inu t e . 

f ixe d e i gh t  hours aft e r  the e n d-p o i n t  of t he i rr a di a t i o n . 

F igure 101 . C le a v a c e  I I . Me t apha s e . I nc re a s e  in 

chromo s ome number .  The pr e s e nc e  of an e x t r a  chrom o s ome i s  

o c ca s i ona l ly ob s e rv e d i n  unir r a di a t e d  ma t e ri al . 5 000 r a t  

84  r p e r  minut e .  W o rm  f ix e d  e ight hour s af t e r  the e nd-p o i nt 

o f  t he ir r a di a t i on .  

F igure 102 . C le avaf e I .  t:e t apha s e . Thi r te en 

chrom o s ome s a r e  p r e s ent . 5000 r a t  84 r p e r  mi nut e .  o rm 

f ixe d e ight hou r s aft e r  the e nd-p o i nt of the i rr a d i a t i on .  

F igure 103 . C l e a vage v .  Me t apha s e . Thi s i s  an 

e x t reme examp l e  of the i nc re a s e  in c�� omo s ome numb e r .  F or 

pho t ogr aph a nd expl ana t i on s e e  F i e . 11 . 800  r a t  8 . 35 r p e r  

minut e . Worn f ixe d app r o s irna t e ly e i ght hours a f t e r  t 11e e nd-

p o int of the i r r a di a t i o n .  

F i gure 104 .  C l e avage s ta g e  unde t e rmine d .  P robably 

c l e avage IV . The smal l e s t  ma s s  s hown in o u t line i s  v e ry 
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likely a polar body .  Fourteen chromosome s are pre sent . 

Four chromos ome "rlngs"  may be observed.  800  r at 8 . 3.5 r 

per  minute . Worm fixe d approximately eight hours after the 

end-point of the irradi at ion . 

Figure 10.5 .  C leavage II . Twelve chromos ome s appear 

to be oriente d i n  the equatori al  plane . Three longer 

chromos ome s are s ituated  out in the cytoplasm.  .5 000  r at  84 

r per minute .  Worm fixe d eight hours after the end-point of 

irradiation.  

Figure 106 . C leavage IV . Note the four l onger 

chromosome s in the cytoplasm away from the main group . .5000 

r at  84 r per minute . Worm fixe d eight hours after the end­

point of the irradiation .  

Figure 107 . Five ce ll  s tage . Chromos ome fragments 

in the cytoplasm of a cell  in interphase . The chromosomes 

are of the prophas e  degree of thickening . .5000 r a t  84 r 

per minute . Worm fixed e ight hours after the end-point of 

the irradi ation . 
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EXPLA.NA'.ri ON OF GURES 

Four c e l l  s t ag e . Chro:·no s ome f r agment s 

in a c e l l  in inte rpha s e . 5000 r a t  84 r p e r  minute .  ·:-�arm 

f ixe d e i ght hour s af t e r  the e nd -p o i nt of i rr a di a t i on .  

F igure 109 . C le av a g e  I .  M e t apha s e . Twe lve chromo ­

s ome s and o ne sma l l  fragme nt . 5 00 0  r a t  8L� r p e r  minut e .  

W o rm f ix e d e ight hour s a f t e r  i r r a di a t i o n .  

Figur e 110 . C le a vare I .  nA t t a che d11  c e l l  ab s en t . 

!,I e t apha s e . F i f t e en chr omo s ome s a n d  one sma l l  f r a rment . 

r:: ooo r at 84" .., r p e r  minut e .  

e n d- p o i nt o f  t he i rr a d i a t i o n .  

o rm fix e d  e ight hours a f t e r  the 

Fi gure 111 . C l e a va � e  I I I . Ea rly anapha s e . Eight e en 

chromo s omal e lement s . Tho s e  whi ch a r e  not s ep a r a t i ng a t  the 

ends a r e  a s s u.rne d  t o  be f r a gment s .  5000  r a t  8L� r p e r  minute. 

\'\form fixe d e hours a f t e r  the e nd-p o int o f  i r ra d i a t i on .  

Figure 112 . C l e a v a g e  I V .  E arly anapha s e . Twe lve 

c hromo s ome s a r e  s ep ar a t i ng a t  one e nd .  Others a r e  a s s ume d 

t o  be a c e nt r i c  f r a cme nt s . 5000 r a t  84 r p e r  minut e .  \'!orm 

f ix e d e i ght hour s a f t e r  the e nd-p o i nt o f  i rr a di a t i on .  

F i g ur e  113 . C l e a v a g e  V .  Early a napha s e . S ome of 

the chromo s oma l e lemen t s  a re pulling ap a r t  at one e n d .  

Tho s e  no t s ep a r a t i ng a r e  a s sume d t o  b e  f r agment s .  5 000 r a t  



84 r p e r  minute . ':Vorm fixed e ieht hour s  after the end­

point of irradi ation . 

Fic;ure 114 . Cleava g e  II . Ketapha s e  chromos ome s .  

Note the p re s e nce of tiny fragment s . 5 000 r at 84 r p e r  

minu t e . Worm fixed e i ght hou rs after t he e nd-point of irr a­

diation . 

:?igure llS . Cl eavage I V .  An extreme cas e of frag ­

mentation . 5000 r at 81+ r p e r  minute . V:iorm fix ed eight 

hour s after the end-noint of the i rradiation . 

Figure 116 . Cle avage I .  Example of a n  unexp ected 

condi t ion which is occas ionally obs erved in non-irrad iated 

e mbryos . 1wo polar bodie s a r e  pre s ent but the chromos ome s 

a r e  not typical of the cleavage I type . 5 00 0  r at 8Lj. r pe r 

minute . W orm fixed e ight hours after the e nd-point of the 

irradiation .. 
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PLATE III continued 



PLATE II I  c o n t i nue d 

EXPLANATION OF P IG1JRES 

F i gure 117 . S ame a s  Fig . 116 . I n  thi s embryo , s ev en­

t e en a t yp i c a l  chromo s ome s a r e  pre s ent . SOOO r a t  84 r p e r  

minute .  W orm f ix e d e ight ho ur s a f t e r  the irradi a t i on .  

F i cure 118 . C l e a v a ge I V .  A n  e x t reme examp l e  o f  

c hrom o s ome fragmenta t i on .  5 000  r a t  84 r p e r  minut e . 1ll o rm 

f ixe d e i ght hours a f t e r  the end-p o i nt o f  i rra d i a t i o n .  

Figure 119 . C l e avage IV.  Early Anapha s e . Fragme nt s .  

5000  r a t  SL� r p e r  minut e .  W o rm f i x e d e ie;ht hours af t e r  the 

e nd-p o int of i rr a di a t i on .  

F igure 120 . C l e a v a g e  I V .  Early ana pha s e . S e v e r a l  

f ragmen t s  i n  t h e  c y t o p l a sm showing no s i gns o f  s ep a ra t i on . 

5000 r a t  84 r p e r  mi nut e . 1Norm f i x e d  e igh t  hour s a f t e r  the 

e nd-point o f  the i rr a di a t ion . 

F i gur e 121 . C l e a va g e  I I I . 'rhe nuc l e u s  o n  the r i gh t  

ha s b e e n  di s p l a c e d  b y  the s qua shing . Anapha s e . Four frag­

ments i n  the cyto p l a s m .  800  r at 8 . 45 r per m1 nut e . \''Jo rm 

f ixe d a pprox ima t e ly e ight hours a f t e r  t he e nd-po int of the 

i r r a di at i on .  

Figur e 122 . C l e a va g e  III . Anapha s e . Fragmen t s  and 

remnant s of a bridge . 5000 r a t  84 r p e r  minut e . W o rm 

f ixe d e ight hours aft e r  t h e  e nd-p o int of the i rradi a t i on .  

F igure 124 . C l e avage I I I . Te l op ha s e . Examp l e  of 
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separation of fragments . After cytokines i s  has occurre d, 

the large cell  will re ce ive all of the fragments .  1200 r a t  

3 . 09 r per minute . Worm fixe d s even hours after the end-

point of the irra diation .  

,., .  12c::' .t< 1gur e  � .  Cleavage I .  Anaphas e  • "A tta che d11 cell  

absent . Fragments in the cytoplasm . The bri dge re�nant at  

the pos i tion of  the e quatoria l  plane i s  not oriented  as  

expected .  Thi s may have been produc ed by  the squashing pro­

ces s .  5000 r at 84 r per minute .  Worm fixe d e ight hours 

after the end-point of the irra diation .  
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